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A B S T R A C T   

Nowadays, the green chemistry approach for nanoparticle (NP) synthesis has acquired a plethora of interest due 
to its expeditious and eco-benevolent nature. In the current study, Citrus limetta peel extract was applied as a 
unique natural reducing/stabilizing agent in the bio-inspired fabrication of cadmium oxide (CdO) NPs. The 
physicochemical features of the prepared CdO NPs were critically studied through XRD, FTIR, SEM, EDX, 
HRTEM, PL, and UV-DRS analyses. According to XRD examination, the CdO NPs were confirmed to have a single 
face-centered cubic Monteponite phase. The median particle size of CdO NPs was revealed by HRTEM investi
gation to be 51.5 nm, and the XRD study confirmed this finding. The UV-DRS was utilized to calculate the band 
gap of bio-fabricated NPs and was found to be 2.6 eV. FTIR analysis evinced the functional groups of biologically 
active molecules of Citrus limetta peel extract. Moreover, diverse biological applications such as antibacterial, 
antioxidant, anticancer, DNA damage, and biocompatibility studies of Citrus limetta peel extract-mediated CdO 
NPs were revealed. The antibacterial efficacy of the CdO NPs screened against human pathogens (B. subtilis, 
E. coli, K. pneumoniae, and S. typhi) and displayed higher bactericidal performance against B. subtilis. The CdO 
NPs displayed dose-dependent anticancer performance against the cancer cell line (A-549) in the MTT assay, 
with activity at an IC50 of 152.2 μg/mL. The DPPH and ABTS assays were applied to determine the antioxidant 
capacity of CdO NPs. For the DPPH and ABTS assays, the IC50 values of CdO NPs were determined to be 94.47 
and 68.98 μg/mL, respectively. Additionally, Citrus limetta peel extract-mediated CdO NPs also displayed DNA 
damage and biocompatibility performance. Therefore, due to their biological functionality, these biogenically 
produced NPs perform as efficacious therapeutic agents.   
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1. Introduction 

Modern nanotechnology is now acknowledged as transforming 
competency of multidisciplinary sciences accompanied predominantly 
by chemistry, materials science, biology and physics because of its many 
structural consistency and astonishing breakthroughs in every science 
and engineering discipline [1–5]. Nanotechnology commonly accom
modates the production of nanoparticles (NPs) with a size allocation 
range of 1–100 nm [6,7]. This promotes substantial bio-physicochemical 
features over their bulk component because of their catalytic, biological, 
magnetic, electronic, optical, and mechanical characteristics [2,8–11]. 
The shape, size, and surface topology of NPs are crucial in tuning the 
features of nano-sized metal particles and their promising applications 
in diverse sectors [12–14]. Therefore, NPs garner the utmost research 
attention among scientists due to their miraculous properties [15,16]. As 
a result, NPs offer spectacular applications in diverse sectors like med
icine, energy, agriculture, cosmetics, environment, food, and many more 
[17–21]. 

All over the world, people are affected by cancer and foodborne ill
nesses. According to the World Health Organization, 200 distinct forms 
of cancer afflict more than 20% of the world’s population, making 
cancer (uncontrolled cell proliferation) one of the most common dis
eases affecting people. Almost 10 million deaths, or roughly one in six 
deaths, were caused by cancer in 2020, making it the top cause of death 
globally. Breast, rectum, colon, lung, and prostate cancers are the most 
prevalent types of cancer [22]. In order to treat breast cancer, several 
studies have concentrated on producing anticancer drugs [23,24]. Food 
contamination with pathogens such as Bacillus subtilis, Klebsiella pneu
moniae, Escherichia coli, and Salmonella typhi is a severe public health 
issue worldwide [25]. In addition, eating contaminated food can result 
in serious infections. Food can become contaminated by germs before, 
during, or after preparation. The poisons that bacteria in tainted food 
emit can be extremely harmful to human health. Moreover, foodborne 
pathogens have recently emerged as the most prevalent global public 
health issue [26]. Consequently, to solve this issue, new inorganic 
antibacterial compounds [27] must be developed to fight off B. subtilis, 
K. pneumoniae, E. coli, and S. typhi. Although metal oxide NPs have good 
antibacterial efficacies, they are inefficient against foodborne diseases 
[3,28]. However, composites made of several different metal oxides 
demonstrate better bactericidal performance against foodborne micro
organisms [10,29,30]. 

To date, biological, physical, and chemical strategies have been 
exploited to develop metal-based NPs [31,32]. The many physical and 
chemical techniques entail highly sophisticated instruments and skilful 
staffing, particularly being costly and using chemicals detrimental to 
human health and the ecosystem [33–36]. On the other hand, a 
bio-inspired synthesis technique is a one-pot synthesis NPs that involves 
comparatively minimal energy for commencement and is revealed to be 
non-noxious, inexpensive, and biocompatible [37–40]. Additionally, it 
provides the versatility to produce NPs of different sizes, considering it 
desirable over physical and chemical techniques [3]. Additionally, it 
provides the versatility to produce NPs of variable sizes, rendering them 
desirable over physical and chemical techniques. Additionally, NPs 
manufactured by plants as capping and bio-reducing agents had superior 
stability and variation in size and morphology than NPs generated by 
other species [41–43]. This could be accounted for by plants having 
diverse phytochemicals, including proteins, phenols, vitamins, carbo
hydrates, flavonoids, coumarins, and coenzyme-based intermediates. 
There is evidence that plant metabolites with functional groups like 
amine, carbonyl, and hydroxyl can diminish metal ions and dwindle 
them down to the nanoscale [3,5]. 

The inorganic compound cadmium oxide (CdO) is a colorless 
amorphous powder and red or brown crystals [44]. CdO is a significant 
n-type semiconductor with piezoelectric characteristics [45,46]. CdO 
has notable features of strong charge carrier mobility without further 
doping, very low electrical resistivity, and a high degree of transmission 

property in the visible zone [47,48]. Due to these properties, it can be 
deployed for a plethora of applications, including supercapacitors [49], 
solar cells [29], transparent electrodes [50], biological activity [51,52], 
gas sensors [53], and photocatalysts [54,55]. Besides, mesoscopic and 
quantum confinement phenomena would greatly augment CdO prop
erties if its dimensions were altered from 3D bulk to nanoscale size [56]. 
Hitherto, diverse physical and chemical strategies [45] have been 
applied to produce CdO NPs, such as sol-gel [57], microwave-assisted 
[58], thermal decomposition [59], spray pyrolysis [60], laser ablation 
[61], solid state [62], hydrothermal synthesis [55], mechanochemical 
[63], solvothermal [64], chemical bath deposition [65], co-precipitation 
[66], etc. Unfortunately, these approaches harm the environment 
because they use toxic solvents and capping compounds, consume much 
energy, and produce noxious residues. Therefore, it is imperative to 
establish straightforward and environmentally acceptable processes that 
produce nanoparticles without deleterious reducing agents. 

Citrus limetta (sweet lime), often called “Mosambi,” is a familiar 
citrus fruit. Due to their peculiar and alluring flavour, taste, and aroma, 
sweet limes are a remarkably valuable fruit. The fresh or processed form 
of sweet lime juice is frequently consumed [67]. Along with the edible 
portions, the non-edible contents, such as the peels, are a substantial 
resource of important biologically active compounds, including flavo
noids, phenols, carotenoids, ascorbic acid, essential oils, and vitamins 
[68]. Pectin, dietary fibre, and antioxidant chemicals in sweet lime peels 
are significant sources of reducing blood sugar and cholesterol [69]. 
Moreover, peels have a higher soluble-to-insoluble dietary fibre ratio 
than cereals. Additionally, the bioactive molecules (Fig. 1) present in 
sweet limes’ peels [70] have many therapeutic properties, namely 
antiviral, antibacterial, anticancer, anti-inflammatory, and antioxidant 
activities [71]. Suppose proper processing methodologies for main
taining their nutrient bio-availability are investigated. In that case, due 
to their nutritional advantages, sweet lime peels may have possible uses 
as an ingredient in manufacturing beverages, jam, jelly, bakery and 
dairy goods, chocolate, and candy [72]. 

Many works have not been reported producing CdO NPs employing 
plant extract. Some plant extracts implemented for the biogenic pro
duction of CdO NPs are summarized in Table 1. To the best of our 
knowledge, Citrus limetta peel extract for the bio-inspired synthesis of 
CdO NPs has never been documented. As a result, our study reveals for 
the first time the completely bio-inspired fabrication of CdO NPs 

Fig. 1. Bioactive molecules in Citrus limetta peel.  
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utilizing an efficient reducing and stabilizing agent-aqueous Citrus 
limetta peel extract without any other chemical reagents. The physico
chemical features of the biosynthesized CdO NPs were revealed through 
XRD, FTIR, SEM, EDX, HRTEM, PL, and UV-DRS analyses. Afterwards, 
CdO NPs were examined for their antibacterial, anticancer, antioxidant, 
DNA cleavage, and biocompatible properties. 

2. Experimental 

2.1. Chemicals and materials 

Cadmium nitrate tetrahydrate (Cd(NO3)2⋅4H2O, 99%) was procured 
from SRL Chem, India, and utilized in the experiment. The Citrus limetta 
fruits were purchased from the nearby market of Chandwad, Mahara
shtra, India. All additional chemicals involved in this experiment were of 
the analytical grade. Before usage, the glassware was completely washed 
with chromic acid, thoroughly rinsed with double-distilled water 
(ddH2O) three times, and then dried in a hot air oven. 

2.2. Preparation of aqueous peel extract 

Fresh peels of Citrus limetta fruits were sliced into tiny pieces and 
rinsed properly using ddH2O to remove dust. A 250 mL beaker con
taining 100 mL ddH2O and 5 g of the cleaned peel pieces was then boiled 
for 20 min at 90–95 ◦C. A solution with a pale yellow color was obtained 
during the heating process. The resultant light yellow solution (aqueous 
peel extract) was filtered at room temperature (RT) using filter paper 
(Whatman No. 40). The resulting Citrus limetta peel extract was placed in 
a refrigerator at 4 ◦C for subsequent work. 

2.3. Bio-inspired synthesis of CdO NPs 

The cadmium precursor Cd(NO3)2⋅4H2O was employed to produce 
CdO NPs through a green chemistry approach. After 3.08 g of Cd 
(NO3)2⋅4H2O was mixed with 50 mL of peel extract, the reaction solu
tion was constantly agitated at 1500 rpm for 60 min at RT with a 
magnetic stirrer. The reaction solution was dried in a hot oven at 100 ◦C 
for 4 h. In a muffle furnace, the resultant powder was calcined at 500 ◦C 
for 2 h. After being crushed, the resultant brown-colored CdO nano
material was used to perform various characterizations. Fig. 2 portrays 
the bio-inspired fabrication of CdO NPs employing an aqueous Citrus 
limetta peel extract. 

2.4. Characterizations 

Diverse analytical tools well studied the biosynthesized CdO NPs. 
Using the X-ray powder diffraction (XRD) profile acquired on a “Pan
alytical X’PERT PRO” diffractometer with Cu-Kα radiation (λ = 1.5406 
A◦), the crystallinity of the as-prepared CdO NPs was studied. The FT-IR- 
4600 typeA was utilized to analyze the infrared spectrum of the CdO 
NPs. On a VEGA3 TESCAN, scanning electron microscopy (SEM) and 
energy-dispersive X-ray spectroscopy (EDX) spectral analysis were per
formed at a 10 kV accelerating voltage. Transmission electron micro
scopic (TEM) images on a JEM-2100 running at an accelerating 60–200 

kV voltage were used to examine the CdO NPs’ crystallite size and shape. 
The FP-8200 Spectrofluorometer was utilized to do a photo
luminescence study at RT. The UV–Visible diffuse reflection spectrum 
(UVDRS) of the CdO NPs was captured through a Jasco Spectropho
tometer V-770. 

2.5. Antibacterial study 

An agar well diffusion bioassay was considered to ascertain the 
bactericidal performance of NPs [10]. In accordance with the procedure, 
the strains to be tested were refreshed in 20 mL test tubes containing 
autoclaved nutrient broth, and the tubes were placed in an incubator. At 
the time of assay, freshly prepared corresponding strain cultures were 
spread over the entire surface of nutrient agar medium in a Petri plate 
using a sterile cotton swab. After outspreading the culture, wells with a 
diameter of 6 mm were made using a cork borer. The wells were later 
sealed with nutrient agar, labelled, and mapped according to the sam
ples to be tested. Afterwards, different concentrations of CdO NPs were 
poured into a corresponding well in the plate. Subsequently, the plates 
were carefully placed in an incubator (24 h at 37 ◦C), and the bacteri
cidal performance of the CdO NPs was measured as the zone of inhibi
tion (ZOI) in mm. Tetracycline was taken as a positive control. The 
experiments were conducted in triplicate to mitigate the errors of the 
whole protocol. 

2.6. Anticancer activity 

Using the MTT assay, the anticancer potential of CdO NPs against 
A549 lung cancer cells was assessed. The entire procedure for the anti
oxidant capacity of both assays was described in our previous report [10, 
77,78]. In a nutshell, a 96-well plate containing DMEM/RPMI supple
mented with 10% inactivated FBS, penicillin (100 IU/mL), and 

Table 1 
Eco-friendly production of CdO NPs employing diverse plant extracts.  

Name of the plant Parts used Metal precursor Shape Size (nm) Ref. 

Agathosma betulina Leaves Cd(NO3)2.4H2O Quasi-spherical 25–50 [47] 
Andrographis paniculata Leaves Cd(CH3COO)2.2H2O Spherical 22 [73] 
Green tea Leaves Cd(NO3)2 Spherical 5–17 [74] 
Parkia speciosa Hassk Seeds Cd(NO3)2.4H2O Stick-like 29–45 [75] 
Hibiscus Sabdariffa Flowers Cd(NO3)2.4H2O Quasi-cuboidal 28.55 [76] 
Leucaena leucocephala Leaves Cd(NO3)2.4H2O Spherical 36–57 [51] 
Phoenix roebelenii Leaves Cd(NO3)2.4H2O Spherical 24–48 [48] 
Citrus limetta Peels Cd(NO3)2.4H2O Quasi-spherical 46 Present work  

Fig. 2. A pictorial depiction for the bio-inspired fabrication of CdO NPs from 
Citrus limetta peels extract. 
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streptomycin (100 g/mL) was seeded with 50,000 cells (per well). The 
plate was incubated at 37 ◦C with 95% humidity and 5% CO2. The 
consumed medium was changed to a fresh medium with various CdO NP 
concentrations to assess cytotoxicity performance. The plate was put 
back into the incubator for another 24 h under the same culture con
ditions. Following that, each well received 100 μL of the MTT solution, 
which was then incubated for 4 h at 37 ◦C. After removing the unre
duced MTT reagent from the medium, 100 μL of dimethyl sulfoxide was 
mixed into each well. After 15 min of shaking to dissolve the formazan 
crystals, the plate was put in an ELISA microplate reader to detect the 
absorbance solution at 570 nm. The accompanying formula (equation 
(1)) was applied to compute the viability percentage: 

%Viability=
A570 of treated sample

A570 of control
× 100 (1)  

2.7. Antioxidant efficacy 

The antioxidant efficacy of bio-fabricated CdO NPs was determined 
by two various assays: the DPPH and ABTS radical assay. The entire 
procedure for the antioxidant capacity of both assays was described in 
our previous report [78]. This study, used diverse concentrations 
(20–100 μg/mL) of CdO NPs and positive control (ascorbic acid). The 
scavenging performance of DPPH and ABTS assays was computed as 
follows (equation (2)): 

Scavenging capacity (%)=
OD(blank) − OD(sample)

OD(blank)
× 100 (2)  

2.8. DNA damage activity 

The agarose gel electrophoresis was performed by applying the E. coli 
pBR322 plasmid as a target to assess the DNA cleavage efficiency of the 
bio-fabricated CdO NPs [78]. The target plasmid was blended with 
different concentrations of synthesized CdO NPs dissolved in DMSO 
(dimethyl sulfoxide) solvent. The mixture was then incubated for 30 and 
90 min at 37 ◦C. The tracking dye was mixed with the plasmid and CdO 
NPs mixture after incubation. After that, it was added to the 0.8% 
agarose gel. It was then electrophoresed using TAE buffer (pH = 7.8) at 
50 V constant voltage. For the analysis, the bands were photographed 
after being seen by UV light [30,79]. 

2.9. Hemolytic study 

The biocompatibility of CdO NPs was ascertained using a red blood 
cells (RBCs) hemolysis assay [80]. In the experiment, 3 mL of fresh blood 
was sourced from a healthy volunteer and was collected in an EDTA 
tube. After collection, 1 mL of the blood was transferred from the EDTA 
tube into a sterile Eppendorf tube, and erythrocytes were isolated using 
a centrifuge at 6000 rpm for 10 min. After centrifugation, the pellet 
obtained was washed thrice with PBS while the supernatant was 
dispensed. Furthermore, the pre-washed pellet was gently mixed with 
PBS to prepare RBC suspension. To ascertain the hemolytic nature of 
both the CdO NPs, the samples were co-incubated in corresponding 
Eppendorf tubes for 30 min at 37 ◦C. Following, the Eppendorf tubes 
were at 8000 rpm for 5 min. Finally, an aliquot of 200 μL from the su
pernatant from each Eppendorf tube was taken and transferred into a 
corresponding well in a 96-well plate. The absorption of each concen
tration was recorded at 540 nm. In the experiment, Triton X-100 (1%) 
was employed as the positive control while DMSO was the negative 
control and the RBCs hemolytic percentage was determined employing 
the following formula (equation (3)),  

(%) Hemolysis = [(ODS − ODNC)/(ODPC − ODNC)] × 100                   (3) 

Where ODS depicts the absorbance of the test sample, ODNC shows the 
absorbance of the negative control, and ODPC displays the absorbance of 

the positive control, respectively. 

3. Results and discussion 

3.1. XRD analysis 

XRD profile was applied to analyze the phase, crystal structure, and 
composition of the as-fabricated CdO NPs. The result is presented in 
Fig. 3. From the spectra, strong and narrow diffraction peaks may be 
noticed, which evinces the high crystallinity of the as-synthesized CdO 
NPs. The diffraction peaks were noticed at diffraction angles (2θ values) 
of 32.9ᴼ, 38.2ᴼ, 55.3ᴼ, 65.8ᴼ, and 69.2ᴼ corresponding to the reflection 
peaks belonging to the (hkl) values of (110), (200), (220), (311), and 
(222) (as marked in Fig. 3), respectively, according to ICDD card no. 
05–0640 [76]. Peaks belonging to other crystal phases were not noticed, 
revealing the high purity of the CdO sample. These indexed peaks affirm 
the existence of a simple cubic Monteponite phase of CdO NPs. The 
lattice parameter ‘a’ was calculated to be 4.71. The mean crystallite size 
of the as-synthesized CdO NPs was computed employing Scherrer’s 
equation [81], which was calculated to be 46 nm. Therefore, this study 
obtained information regarding the highly crystalline nature and purity 
of the as-prepared CdO NPs. 

3.2. FTIR analysis 

It has been well-established through earlier investigations on the bio- 
fabrication of nanomaterials that plant extracts operate as a reducing 
and capping agent. Therefore, FTIR analysis needs to be performed to 
understand the function of the various phytochemicals present in the 
plant extract. Furthermore, a comparative FTIR analysis of peel extract 
and biosynthesized nanomaterial is also required to deduce the capping 
and reducing functions of the plant phytochemicals while producing 
nanomaterials. Fig. 4 represents the FTIR spectra of Citrus limetta peel 
extract and CdO NPs biosynthesized using the extract of Citrus limetta 
peel. All the prominent peaks have been marked in this figure. The main 
components of Citrus limetta peel extract, which are acidic compounds, 
show their transmission bands in the FTIR spectrum at ~2924 cm− 1 and 
1730 cm− 1, respectively [82]. In this case, these bands were noticed at 
2925 cm− 1 and 1745 cm− 1, respectively, marking the presence of 
acidic/phenolic –OH and C=O compounds in the biosynthesized CdO 
NPs. In addition to the phytochemical bands, the Cd–O stretching vi
bration band was also observed at 450 cm− 1, consistent with the 

Fig. 3. XRD profile of bio-fabricated CdO NPs using Citrus limetta peel extract.  
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Fig. 5. A proposed reaction mechanism for the biogenic formation of CdO NPs.  

Fig. 6. (a) SEM micrograph of CdO NPs, and (b) Elemental information of CdO NPs as obtained through EDX measurements.  

Fig. 7. (a) TEM image of CdO NPs, (b) HRTEM image of CdO NPs displaying the lattice fringes, (c) Particle size distribution graph (histogram), and (d) SAED pattern 
of CdO NPs. 
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Data availability 

Data will be made available on request. 
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Fig. 14. Antioxidant performance of CdO NPs using a) DPPH and b) 
ABTS assays. 

Fig. 15. DNA damage study of biosynthesized CdO NPs, Lane 1- DNA (control); 
Lane 2- DNA + H2O2 (10 mM); Lane 3- DNA + H2O2+CdO NPs (1 μL); Lane 4- 
DNA + H2O2+CdO NPs (2 μL); Lane 5- DNA + H2O2+CdO NPs (3 μL). 

Table 5 
% Hemolysis of biogenically produced CdO NPs.  

Concentration (μg/mL) % Hemolysis of CdO NPs 

20 1.81 
40 2.31 
60 2.50 
80 2.44 
100 2.50  
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and elemental analysis confirmed the formation of CuO NPs using human urine.

The well-characterized CuO NPs were used for the eco-friendly degradation of

phenol in aqueous media under sunlight, and the removal efficiency was recorded

using a spectrophotometer. The antibacterial activity of synthesized CuO NPs was

tested against gram-positive and gram-negative pathogenic bacteria. Also, the
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Abstract
Nanotechnology allows synthesizing photoactive materials which are magnificently proficient at photocatalytic remediation
of organic pollutant dyes depending upon the bandgap of the synthesized nanomaterial. In the present study, MgO
nanoflakes were fabricated via the sol–gel approach. The as-prepared MgO nanoflakes were characterized using various
microscopic and spectroscopic techniques. The surface area and basicity were examined employing the BET adsorption-
desorption isotherm and CO2-TPD methods. The thickness of MgO nanoflakes was calculated via SEM histogram, where the
purity of the sample was confirmed using EDX elemental analysis. The well-characterized photoactive MgO nanoflakes
further used photocatalytic remediation of organic dyes like methyl orange and Eriochrome Black T in the presence of
sunlight. Moreover, the radical scavenging efficacy was also explored using DPPH and •OH assays.
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Graphical abstract
In the present study, MgO nanoflakes were fabricated via the sol–gel approach. The as-prepared MgO nanoflakes were
characterized using various microscopic and spectroscopic techniques. The surface area and basicity were examined
employing the BET adsorption-desorption isotherm and CO2-TPD methods. The thickness of MgO nanoflakes was calculated
via SEM histogram, where the purity of the sample was confirmed using EDX elemental analysis. The well-characterized
photoactive MgO nanoflakes further used photocatalytic remediation of organic dyes like methyl orange and Eriochrome
Black T in the presence of sunlight. Moreover, the radical scavenging efficacy was also explored using DPPH and •OH assays.

Keywords Sol–gel method ● MgO nanoflakes ● Optical properties ● Photocatalytic activity ● Antioxidant activity

Highlights
● Sol–gel synthesis of MgO nanoflakes using citric acid as a fuel.
● Synthesis of MgO nanoflakes was confirmed by XRD, FT-IR, SEM, EDX, HR-TEM, UV-DRS, and CO2-TPD analysis.
● MgO nanoflakes exhibited significant photocatalytic activity against EBT and MO dyes under sunlight.
● MgO nanoflakes showed radical scavenging activity using DPPH and •OH assay.

1 Introduction

Globalization and the expansion of numerous industrial
sectors have made human life easier and faster, creating
severe challenges like pollution. The use of organic pollutant
dyes in diverse sectors is linked to the discharge of hazar-
dous and non-degradable materials into water resources and
harms human and aquatic life [1–3]. This challenge was
solved by utilizing an adsorbent to remove organic materials
or by using diverse manufactured nanoparticles (NPs) to
degrade them [4–6]. Nanotechnology teaches us how to
make nanomaterials from the top-down and bottom-up,
using the three physical, chemical, and biological synthesis
approaches, each with its own set of benefits and drawbacks
[7–9]. Researchers reported the synthesis of several nano-
materials based on carbon, silica, graphene, and alumina
using the methods mentioned above and using them as
photocatalyst degrade various organic dyes [10–16].

Due to their high surface area, MgO NPs have been
reported by various researchers for their intriguing appli-
cations in the fields of catalysis, photocatalysis, adsorbents,
and wastewater removal [17, 18]. However, the photo-
catalytic efficacy of nanomaterials is determined by their
optical bandgaps; materials with a lower bandgap can
function as photocatalysts in the visible area, whereas
materials with a higher bandgap require ultraviolet light to
activate [19]. Nonetheless, numerous research reports have

described the fabrication of MgO NPs using diverse meth-
ods, with bandgaps ranging from 3.16 to 5.65 eV, indicating
that they can effectively act as a photocatalyst in the
ultraviolet region for the environmental remediation of
inorganic and organic dyes [20–22].

Herein, we report the sol–gel approach for synthesizing
MgO nanoflakes using magnesium nitrate and citric acid as
precursors. This study focuses on the sol–gel synthesized
MgO nanoflakes and their characterization using spectro-
scopic and microscopic techniques. Furthermore, the pho-
tocatalytic efficiency was estimated against methyl orange
(MO) and Eriochrome Black T (EBT) dyes, and anti-
microbial activity was evaluated using •OH and DPPH
assays. The study presents the first effort to investigate the
photocatalytic degradation of EBT dye using MgO NPs. The
photocatalytic and antioxidant activities of sol–gel synthe-
sized MgO nanoflakes are well explained and compared
with the previous report in the result and discussion sections.

2 Experimental

2.1 Chemicals

All essential AR-grade chemicals and reagents were pro-
cured from Sigma-Aldrich in Mumbai, India, and were
utilized without additional purification.

Journal of Sol-Gel Science and Technology



2.2 Synthesis of MgO NPs

Magnesium nitrate and citric acid were employed as pre-
cursors and fuels, respectively, in the fabrication of MgO NPs
employing the sol–gel method. The 0.1M magnesium nitrate
solution was first obtained by dissolving 1.48 g of magnesium
nitrate in 100mL of double-distilled water, then adding
1:5 wt.% citric acid and constantly agitating to achieve a
homogenous mixture. Furthermore, the reaction mixture was
continuously agitated at 95 °C to obtain a white gel and then
dried for 12 h in a hot air oven at 100 °C to make white
crystalline powder. Finally, the dry white gel was crushed into
powder form and calcinated at 400 °C in a muffle furnace to
yield crystalline MgO NPs. The sol–gel synthesized MgO NPs
are then used for further processes.

The present study was compared with the previous report
in Table 1. The comparative study confirms the first-time
report of the nanoflakes morphology of MgO NPs for
photocatalytic degradation of organic dyes.

2.3 Characterization of MgO NPs

Assorted spectroscopic and microscopic tools were applied to
investigate the sol–gel synthesized MgO NPs, including UV-
DRS spectroscopy with a JASCO V-770 spectrophotometer,
XRD data with a Model-D8 Advance-Bruker, and IR spectra
with an FT/IR-4600 type A. Furthermore, the topology of
fabricated MgO was investigated employing SEM (JSM-
6380), and CO2-TPD was investigated utilizing BELCAT II
Version 0.5.1.10.

2.4 Photocatalytic activity

Under sunlight, the aqueous phase examined the photo-
catalytic activity of sol–gel synthesized MgO NPs with
organic dyes such as MO and EBT in the aqueous phase. In

the experiment, a 10 mL (1 ppm) aqueous solution of the
dyes mentioned above was placed in a 50 mL beaker.
Various amounts (5, 10, and 15 mg) of sol–gel synthesized
MgO NPs were swirled in the presence of UV light. For
MO and EBT, the absorbance of dye was measured at a
regular interval of 10 min at max = 464 and 535 nm,
respectively.

2.5 Antioxidant activity

The antioxidant performance of sol–gel synthesized MgO
NPs was perused by two various protocols: the hydroxyl
(•OH) and DPPH radical assay. The entire procedure for
antioxidant efficacy is described in our previous report [23].

3 Results and discussion

3.1 Characterization

The synthesis and a morphological pictogram of sol–gel
synthesized MgO NPs were confirmed and understood
using spectroscopic and microscopic techniques.

3.1.1 XRD pattern of sol–gel synthesized MgO NPs

The crystal structure and grain size of sol–gel synthesized
MgO NPs were calculated using the XRD data of MgO
NPs. Powder XRD of sol–gel synthesized MgO NPs was
done using monochromatic CuKα-1 radiation (wavelength
1.5406 Å), operating at a current of 40 mA and voltage of
40 kV, in the precise range 2θ of 30°–90°. The XRD pattern
of MgO NPs shown in (Fig. 1), the planes (111), (200),
(220), (311), and (222) confirm the formation of the poly-
crystalline cubic structure of MgO NPs [24]. The crystallite
size of MgO NPs was determined by Scherrer’s formula.

Table 1 Comparative study of sol–gel synthesized MgO NPs with previous reports

Sr. no. Magnesium precursor Gelling agent Solvent Calcination
temperature (°C)

Morphology Average size (nm) Ref.

1 Mg(AcO)2.4H2O Tartaric acid Ethanol 500 Spherical 47.9 [27]

Citric acid 650 Hexagon 43.8

Citric acid 750 Rod 91.2

2 Mg(AcO)2.4H2O Citric acid Ethanol Ultra-sonication Spherical 19.2 [28]

3 Mg(NO3)2 Oxalic acid Ethanol 550 Irregular 105.7 [29]

Tartaric acid 500 Spherical 58.7

Citric acid 550 Irregular 105.7

Mixture 600 Irregular 141.8

4 Mg(AcO)2.4H2O KOH Water and toluene (1:15) 1000 Cubic shape 50–60 [30]

5 Mg(NO3)2 Citric acid Ammonia 600 Crystalline 8.9 [31]

6 Mg(NO3)2 Citric acid Ethanol 550 Spherical 13–25 [32]

7 Mg(NO3)2 NaOH Water 300 and 500 Cubic shape 50–70 [33]

8 Mg(NO3)2 Citric acid Water 400 Nanoflakes 14.79 Present study
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The corresponding XRD peaks are summarized in Table 2,
the calculated average crystallite size of fabricated MgO
NPs using Scherrer’s equation was found to be 15 nm.

3.1.2 FT-IR spectrum of sol–gel synthesized MgO NPs

In sol–gel synthesis of MgO NPs, citric acid was used as a
fuel or chelating agent that accumulated all the metal cation to
form a gel in the form of metal hydroxide. After calcination of
metal hydroxide at 600 °C in a muffle furnace results in
crystalline MgO NPs. In this case, the FT-IR spectrum reveals
the interaction of the chelating agent and metal ion in a
specific region (Fig. 2). FT-IR spectrum sol–gel synthesized
MgO NPs confirm the synthesis of the metal-oxygen bond via
peak at 448 cm−1, whereas the peak present in the functional
group region at 3699 cm−1, 3433 cm−1 may be due to
hydroxyl and amine stretch and the peaks around 1446 and
859 cm−1 due to carbon-oxygen single bond stretching and
bending vibrations. The obtained result was compared and
matched with the previous report [25].

3.1.3 Adsorption-desorption study

The surface area is one of the key parameters of synthesized
NPs, the catalytic and photocatalytic efficiency owing to the

surface area, pore size, and volume distribution of NPs. To
evaluate the surface properties of NPs, the adsorption-
desorption study was carried out under an N2 atmosphere at
a certain temperature by the BET method. The BET tech-
nique determined MgO NPs under nitrogen gas at 250 °C
shown in (Fig. 3a), the surface area was found to be
10.76 m2/g. The pore volume and pore diameters were
0.08 cm3/g and 32.31 nm, respectively (Fig. 3b).

3.1.4 Morphological and elemental study

The topology of sol–gel synthesized MgO NPs was con-
firmed by SEM micrographs, Fig. 4 evinces the different
micrographs of MgO NPs at a diverse resolution. The SEM
micrograph confirms the nanoflakes formation with a
thickness of 46 nm. The purity and elemental composition of
synthesized MgO NPs were evaluated by the EDS spectrum
(Fig. 5). The EDS spectrum evinces the two characteristic
peaks at 0.5 and 1.5 eV of O and Mg elements, respectively,
which confirm the purity of synthesized MgO NPs.

3.1.5 HR-TEM analysis

Figure 6 shows the TEM images of the MgO NPs calcined at
400 °C. It can be seen that all of the MgO NPs were random
in size and displayed aggregation in the low magnification
image at a scale bar of 500 nm (Fig. 6a, b), whereas under a
highly magnified TEM micrograph at a scale bar of 500 nm
(Fig. 6a), a reasonably good understanding of shape and
thickness can be obtained; the thickness of the NPs is
between 10 and 60 nm and irregularly shaped nanoflakes.
The white spot array in Fig. 6d, which shows the selective
area electron diffraction (SAED) patterns of a single MgO
NP, confirms the NPs crystalline nature. As a result, the
TEM-SAED findings confirm the XRD findings.
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Fig. 1 XRD pattern of sol–gel synthesized MgO NPs (JCPDS No. 87-
0653)

Table 2 XRD parameter and the average size of sol–gel synthesized
MgO NPs

Entry 2θ (°) Crystal plane FWHM Crystallite
size (nm)

Average
size (nm)

1 36.9 (111) 0.5176 16 15

2 42.9 (200) 0.6451 13

3 62.3 (220) 0.6528 14

4 74.7 (311) 0.6145 16

5 78.7 (222) 0.7302 14
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Fig. 2 FT-IR spectra of sol–gel mediated MgO NPs
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Fig. 3 a Adsorption-desorption
study and b pore size of sol–gel
synthesized MgO NPs

Fig. 4 SEM images of sol-gel
synthesized MgO NPs at
different resolutions. a 5 μm,
b 2 μm, c 1 μm, and d 500 nm

Fig. 5 EDX spectrum of sol–gel
synthesized MgO NPs
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3.1.6 CO2-TPD analysis

Metal oxide NPs are naturally basic, and their basicity was
assessed using the CO2-TPD method. The CO2-TPD tech-
nique’s principle was based on the surface characteristics of
synthesized metal oxide NPs, and the desorption rate of
CO2 gas from the material under investigation was calcu-
lated experimentally at temperature increases. The tem-
perature at which the material exhibits high CO2 gas
desorption determines whether the synthesized NPs are
basic [24]. The CO2-TPD spectrum of MgO NPs synthe-
sized by sol–gel is shown in Fig. 7. The spectrum has two
peaks at 180 and 402 °C, suggesting that the material has
two different basic sides, with the peak at 180 °C showing
mild basic and the peak at 402 °C showing high basic nature
of synthesized MgO NPs.

3.1.7 UV-DRS spectra and bandgap of sol–gel synthesized
MgO NPs

The initial confirmation of the formation of MgO NPs via
the sol–gel method was done with the UV-DRS

spectroscopic technique. The absorption spectrum of NPs in
the UV-DRS spectrum depends upon the morphology and
size of synthesized NPs. The agglomeration of NPs also has
a marked effect on the absorption spectra [26]. Here, a

Fig. 6 a, b HR-TEM images,
c lattice-fringe image, and d is
SAED pattern of sol–gel
synthesized MgO NPs
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single absorption peak at 284 nm was obtained in the UV-
DRS spectrum, which affirms the formation of MgO NPs by
the sol–gel technique (Fig. 8). The bandgap determines the
photocatalytic property of any synthesized NPs, which
determines whether the NP material is activated by visible
or UV light. The bandgap of sol–gel synthesized MgO NPs
was determined with the help of the Tauc Eq. (1).

αhν ¼ hν � Egð Þn ð1Þ
where α is the absorption coefficient, Eg is the bandgap of
MgO NPs, and hν is photon energy. The optical bandgap of
sol–gel synthesized MgO NPs was found to be (Eg= 3.85 eV)
shown in the inset of (Fig. 8). The obtained result was
compared and matched with the previous result [25].

3.1.8 Photocatalytic activity

Under UV light, the photocatalytic efficacy of sol–gel syn-
thesized MgO NP was investigated using the organic dyes
EBT and MO as organic pollutants. The optical bandgap of
synthesized MgO NPs was measured using the Tauc equation

and was 3.85 eV, as depicted in the inset of (Fig. 8). Their
measured bandgap confirms the UV-active nature of MgO
NPs. Hence photocatalytic degradation of EBT and MO took
place under sunlight. The photocatalysis principle states
semiconducting materials absorb visible or ultraviolet light as
per the associated bandgap. The absorbed energy is respon-
sible for the excitation of electrons from the valance band to
the conduction band, resulting in the generation of an
electron-hole pair. Radicals are formed when a water mole-
cule comes into touch with an electron-hole pair, responsible
for organic pollutant breakdown. The following equation was
used to compute the dye removal efficiency (2):

Efficiency %ð Þ ¼ C0 � Ct=C0 � 100 ð2Þ
where C0 is the initial absorbance at t= 0, and Ct is the
absorbance value at a particular time interval.

Briefly, the absorbance of aqueous solutions of EBT and
MO dye at 10 ppm concentration were treated with varying
sol–gel synthesized MgO photocatalyst (5 and 10 mg) under
sunlight and evaluated at regular time intervals using a
double beam UV spectrophotometer at 485 and 464 nm,
respectively. Figures 9a and 10a illustrate the decrease in
EBT and MO dye absorbance over time and with varying
catalyst concentrations. The comparison analysis reveals
that a higher rate of decomposition was found in EBT with a
catalyst dose of 5 mg, but the dye was completely degraded
with a catalyst dose of 10 mg, validating the effect of cat-
alyst dose on dye decomposition performance. However, a
significant color change was observed with 5 and 10 mg of
catalyst dose in EBT and MO, respectively, as shown in
Fig. 9. Figures 10b and 11b explain the percent removal
efficiency of MgO NPs in EBT and MO, where the max-
imum decomposition was noticed in 60 min in the presence
of sunlight, and Figs. 10c and 11c exhibit the photocatalytic
degradation of EBT and MO via sol–gel synthesized MgO
NPs following the principle of first-order kinetics. The
various results of the diverse synthetic approaches of pho-
tocatalytic MgO NPs for MO dye degradation were dis-
cussed in Table 3. However, according to the literature,
EBT degradation using MgO NPs has not been reported.

Fig. 8 UV-DRS spectrum and bandgap of sol–gel synthesized
MgO NPs

Fig. 9 Photodegradation of dyes
after 60 min under UV light with
different concentrations of
catalyst. a Degradation of EBT
dye and b degradation of MO
dye
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3.1.9 Antioxidant activity

DPPH and •OH tests investigated the radical scavenging
efficacy of sol–gel fabricated MgO NPs (Table 4). Due to

the transition, DPPH is substantially absorbed at 5at nm.
Therefore, the dark violet color of the DPPH was rapidly
reduced over time, and the absorbance was gradually
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Fig. 10 Photocatalytic activity of sol–gel synthesized MgO NPs.
a Absorbance with respective to time for the decolonization of EBT
dye under sunlight, b removal efficiency (%) of EBT dye by MgO
NPs, and c its first-order kinetics
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decreased. The decrease in absorption intensity validates the
radical scavenging performance of sol–gel synthesized
MgO NPs, which was 49.8% compared to 86.4% for
ascorbic acid as a control. The •OH assay was also used to
determine the radical scavenging activity, which was 57.1%
using the same standard, with an efficacy of 82.3% (Fig.
12). Previously our study reported the synthesis of MgO
NPs using Trachyspermum ammi leaf extract and evaluated
its antioxidant activities [24]. This result also showed a
good agreement with our present work.

4 Conclusion

The present study reveals the fabrication of MgO NPs via the
sol–gel approach and citric acid as fuel in aqueous media. The
preliminary confirmation of the fabrication of MgO NPs was
done with the help of the XRD pattern. The crystallite size
and flake thickness were determined from Scherrer’s equa-
tion, and the SEM image was found to be 15 and 46 nm,
respectively; the SEM micrograph also confirmed the

nanoflakes’ morphology. The surface properties were studied
via an N2 adsorption-desorption isotherm, showing a high
surface area of synthesized MgO nanoflakes with excellent
photocatalytic activity. As a result of the findings, MO and
EBT dyes were degraded by a significant amount of photo-
catalytic activity. Finally, our findings may make it more
feasible to consider MgO NPs as a potential option for pho-
tocatalytic applications to combat water contamination and
environmental pollution. Also, MgO NPs show good anti-
oxidant efficacy assessed via DPPH and •OH assay.
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2 Co-precipitation 20 Spherical – UV light 68.62 [35]

3 Molten salt method 33.3 Hexagonal plates 100 min Sunlight 80 [36]

4 Solvent-assisted synthesis 11.57 Flowers 12 h UV light 88.21 [37]

5 Sol–gel method 14.79 Flakes 60 min UV light 90 Present work

Table 4 Antioxidant activities of sol–gel synthesized MgO NPs

Entry Material Antioxidant
activity (%)

•OH DPPH

1 MgO NPs 57.1 49.8

2 Ascorbic acid (standard) 82.3 86.4

Fig. 12 Antioxidant activity of sol–gel synthesized MgO NPs
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ABSTRACT 

The heavy metals Cu, Cd, Ni, Cr, Pb, As and Bi removal by modified low cost adsorbents were reviewed in the 
current article. The present study focuses on enhancement of adsorption of metal by acid-base modification of 
low cost adsorbent. An acid modification were carried out by H2SO4, HNO3, H3PO4, citric acid and  tartaric acid 
while base modification were carried out by NaOH, K2CO3 and KOH. The review represents various parameters 
such as activation agent of adsorbent by acid-base, type of adsorbent, characterization methods viz. SEM, EDS, 
FTIR, BET and maximum adsorption capacity of heavy metals. Adsorption method is found superior for 
removal of pollutant from waste water than any other conventional method. The adsorption of metal on 
adsorbent surface occurred by physical sorption, chemical sorption, complexation, ion exchange and through 
pore diffusion process. Agricultural waste adsorbents are found good alternative due its negligible cost, easy 
availability and maximum adsorption capacity. 
 
KEYWORDS: Heavy metals; Adsorbent; Acid-base treatment; SEM; BET 
 
INTRODUCTION 

Heavy metals are major toxic pollutants specially found in waste water discharges from different industries. The 
process of metal extraction from ore such as mining, roasting, pulverizing, refining greatly contributes the 
heavy metal accumulation into the waste water while the fertilizer industry, tanneries, pesticides, batteries, 
electroplating and paper industries also introduces heavy metal into the environment1. Heavy metals such as 
Cadmium (Cd), Chromium (Cr), Copper (Cu), Cobalt (Co), Lead (Pb), Zinc (Zn), Arsenic (As) Vanadium (V) 
and Nickel (Ni) shows adverse effect on animals as well as aquatic life2. The effluent of industrial waste 
containing large amount of toxic heavy metals without prior treatment causes hazardous effect to aquatic life. 
Many of the heavy metals are non-biodegradable and hence accumulate in the food chain which reduces the 
human life3.  Cadmium (Cd) is carcinogenic and responsible for Itai-Itai disease, anemia, dyspnea, Chromium 
causes lungs tumor and allergic dermatitis, Copper (Cu) gives liver illness, diarrhea, headache, Mercury affects 
on kidney, nervousness, unconsciousness, Nickel (Ni) causes anaphylaxis and damages red blood cells, lead 
(Pb) affects on appetite loss, kidney failure, high blood pressure, anemia and Zinc (Zn) causes restlessness and 
metal fume fever4. 

Nowdays numerous techniques are available for the removal of heavy metals such as precipitation, oxidation, 
reduction, ultrafiltration, reverse osmosis, electro dialysis and ion exchangers5. Due to increase in processing 
cost, low efficiency, low sensitivity, all these techniques have certain limitations for heavy metal removal from 
waste water. Adsorption is an advantageous technique over the all of these methods due to low cost and greater 
removal efficiency of metal from waste water6. An activated carbon adsorbent used for heavy metal removal 
shows greater removal efficiency and easy operating process but due to its high cost it have some limitation. 
The adsorbent prepared from fly ash, sludge, industrial waste, zeolites and agricultural waste has great 
significance for heavy metal removal 7-8.  

In the current review article, the surface modification for various low cost adsorbents by acid-base treatment is 
explored. The absorption efficiency of adsorbent can be enhanced by activation viz. physical method and 
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chemical method9. The present work summarizes the effect of modification of various adsorbents by treatment 
with sulphuric acid, hydrochloric acid, nitric acid, tartaric acid, phosphoric acid while with base sodium 
hydroxide, potassium hydroxide, potassium carbonate and calcium hydroxide.  

 

Figure 1. Activation of adsorbent by various Acid-Base treatment 

Modification of adsorbent by acid treatment: The removal of Cu from agricultural waste adsorbent like 
bagasse on activation with citric acid was investigated by Meenal Gupta et al.10. Sulphuric acid treatment for 
various adsorbents namely areca catechu 11, Cynodon Dactylon 12, Henna leaves 13, Cashew nut14 were carried 
out and found maximum adsorption capacity for Cu 1.33 mg/g, 90.35 mg/g, 3.65 mg/g and 406.6 mg/g 
respectively. An azadirechta indica leaf 26 on phosphoric acid treatment shows higher adsorption capacity 110.9 
mg/g for Cr removal while Macadamia activated carbon15 on treatment with sulphuric acid, phosphoric acid and 
nitric acid shows 25.75 mg/g, 25.43 mg/g and 38.59 mg/g respectively. Sorghum bicolor 19 and Cassava peel 28 
adsorbents on sulphuric acid modification for Cr shows maximum adsorption capacity 25.64 mg/g and 10.07 
mg/g respectively. The adsorption efficiency of toxic metal Cd was investigated by sulphuric acid treated 
cashew nut shell 14, phosphoric acid treated azadirechta indica leaf 26 and sulphuric acid modified cassava peel 
28. Lapsi seed stone 21 on activation with mixture of  sulphuric acid-nitric acid shows maximum adsorption 
capacity 69.49 mg/g for Ni ion while Sorghum bicolor 19, Doam seed coat 20 on sulphuric acid treatment has 
adsorption capacity 47.62 mg/g and 13.51 mg/g respectively. 

Ponnusamy Senthil Kumar et al.14 studied on removal of Zn by using low cost adsorbent Cashew nut shell. The 
prepared adsorbent was characterized by FTIR and SEM. The maximum adsorption capacity was found 455.7 
mg/g while the Palm midrib 23 on citric acid and tartaric acid treatment and azadirechta indica26 on phosphoric 
acid treatment shows 5.72 mg/g and 133.3 mg/g respectively. Sartape Ashish et al. explored the use of coconut 
shell adsorbent 22 on activation with sulphuric acid for the removal of Bi and the activated adsorbent was 
characterised by FTIR, SEM and BET surface area analyser. The amount of removal of Pb were investigated on 
sulphuric acid activated maize tassel 25, phosphoric acid treated azadirechta indica leaf 26, nitric acid activated 
baggasse, palm pit, saw dust 27, sulphuric acid treated cassava peel 28. An elemental analysis and Boehm method 
were applied to characterise the prepared adsorbent. 
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Table 1. Biosorption of heavy metals by acid treated low cost adsorbents 
Heavy 
metal 

Adsorbent Modifying 
agent 

Characterizations Maximum 
adsorption 
capacity mg/g 

Ref 

Cu Baggasse Citric acid FTIR, SEM 5.35 10 

Cu Areca catechu shell H2SO4 FTIR, SEM 1.33 11 

Cu Cynodon Dactylon H2SO4 FTIR, XRD, SEM 90.35 12 

Cu Henna Leaves H2SO4 -- 3.65 13 

Cr Henna Leaves H2SO4 -- 0.078 13 

Cu Cashew nut shell H2SO4 FTIR, SEM 406.6 14 

Cd Cashew nut shell H2SO4 FTIR, SEM 436.7 14 

Zn Cashew nut shell  H2SO4 FTIR, SEM 455.7 14 

Ni Cashew nut shell  H2SO4 FTIR, SEM 456.3 14 

Cr Macadamia activated 
carbon 

H2SO4 FTIR, TGA, EDAX, 
BET  

25.75 15 

Cr Macadamia activated 
carbon 

H3PO4 FTIR, TGA, EDAX, 
BET  

25.43 15 

Cr Macadamia activated 
carbon 

HNO3 FTIR, TGA, EDAX, 
BET  

38.59 
 

15 

Cr Activated carbon HNO3 EAS, Boehm method 13.74 16 

Cr Olive stone H2SO4 FTIR 71 17 

Ni Oil palm H3PO4 -- 19.6 18 

Cr Sorghum bicolor H2SO4 BET, FTIR 25.64 19 

Ni Sorghum bicolor H2SO4 BET, FTIR 47.62 19 

Ni Doum seed coat H3PO4 FTIR,  13.51 20 

Ni Lapsi seed stone H2SO4 FTIR, Boehm 
method 

28.25 21 

Ni Lapsi seed stone H2SO4 and 
HNO3 

FTIR, Boehm 
method 

69.49 21 
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Bi Coconut shell H2SO4 SEM, FTIR, BET 250 22 

Zn Palm midrib Citric acid 
and tartaric 
acid 

SEM 5.72 23 

Cu Palm H3PO4 FTIR, BET 21.23 24 

Pb Maize Tassel H2SO4 XRD, FTIR 37.31 25 

Pb Azadirechta indica 
leaf 

H3PO4 BET 205.6 26 

Cu Azadirechta indica 
leaf 

H3PO4 BET 185.8 26 

Cd Azadirechta indica 
leaf 

H3PO4 BET 154.5 26 

Zn Azadirechta indica 
leaf 

H3PO4 BET 133.3 26 

Ni Azadirechta indica 
leaf 

H3PO4 BET 120.6 26 

Cr Azadirechta indica 
leaf 

H3PO4 BET 110.9 26 

Pb Baggasse HNO3 Element analysis, 
Boehm method, 

13.7 27 

Pb Palm pit HNO3 Element  analysis, 
Boehm method 

15.20 27 

Pb Sawdust HNO3 Element analysis, 
Boehm method 

17.5 27 

Pb Cassava peel H2SO4 Nitroperchloric 
digestion method, 
FAAS 

24 28 

Cd Cassava peel H2SO4 Nitroperchloric 
digestion method, 
FAAS 

7.05 28 

Cr Cassava peel H2SO4 Nitroperchloric 
digestion method, 
FAAS 

10.07 28 

 

Modification of adsorbents by base treatment: Bagasse 10, green vegetable waste 29, rice husk 30 and orange 
peel 31 have been used as adsorbent for removal of Cu from its solution. Green vegetable waste was modified by 
potassium hydroxide while other adsorbents were modified with sodium hydroxide. The author carried out the 
FTIR, SEM, EDS, TGA and BET characterization for the activated biosorbent material. Green vegetable waste 
biosorbent shows higher adsorption capacity 75 mg/g in comparison with other adsorbent. The removal of Cd 
by sodium hydroxide treated biosorbent such as sawdust, wheat straw, corn stalk 32 and rice husk 33 shows 
adsorption capacity 40.78, 38.75, 30.40, 8.50 mg/g respectively. Rice husk 33 on modification with potassium 
hydroxide and calcium hydroxide changes adsorption capacity 8.24 mg/g and 10.46 mg/g respectively. 
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Figure 4. Heavy metal adsorption capacity between 2.06 to 101.01 mg/g by different base treated adsorbents. 

 

S. Erdogan et al. utilised potassium carbonate treated apricot 34 adsorbent for the removal of Ni ion. The 
prepared biosorbent was characterised by BET and FAAS and shows maximum adsorption capacity 101.01 
mg/g. The study of adsorption of Cr by potassium hydroxide activated sawdust, corn straw and corncob 35 were 
carried out by Shujauddin Khushk et al. The higher adsorption capacity 59.23 mg/g was observed by bamboo 
waste 36 while corncob shows minimum adsorption capacity 29.46 mg/g. The sawdust and corn straw shows 
maximum adsorption capacity 34.07 mg/g and 30.15 mg/g respectively. Francisco Jose Alguacil et al. explored 
the use of cluster stalk 37 on potassium hydroxide activation for Pb ion adsorption.  

The poisonous Hg metal adsorption has been investigated by Zhiyuan Liu et al. by rice husk 38 adsorbent on 
activation with potassium hydroxide. The material was characterised by SEM, FTIR, BET and XPS. The 
maximum amount of Hg removal by rice husk was found 55.87 mg/g.  The seaweed 39 is used as low cost 
adsorbent on modification with potassium hydroxide and found 12.3 mg/g of maximum adsorption capacity for 
Vanadium removal. 

Table 2. Biosorption of heavy metals by base treated low cost adsorbent 
Heavy 
metal 

Adsorbent 
 

Modifying 
agent 

Characterization Maximum 
adsorption 
capacity mg/g 

Ref. 

Cu Baggasse NaOH FTIR,SEM 2.06 10 
Cu Green vegetable 

waste 
KOH SEM, TGA, DSC, 

FTIR 
75 29 

Cu Rice husk NaOH FTIR, SEM, EDX 48.84 30 
Cu Orange peel NaOH FTIR, SEM, BET 50.25 31 
Cd Sawdust NaOH FTIR, SEM, BET, 

XRD 
40.78 32 

Cd Wheat straw NaOH FTIR, SEM, BET, 
XRD 

38.75 
 

32 

Cd Corn stalk NaOH FTIR, SEM, BET, 
XRD 

30.40 32 

Cu Baggasse, 2.06 

Cu Green vegetable 
waste, 75 

Cu Rice husk, 48.84 

Cu Orange 
peel, 50.25 

Cd Sawdust, 40.78 

Cd Wheat straw, 
38.75 

Cd Corn stalk, 30.4 

Cd Rice husk, 8.5 

Cd Rice husk, 8.24 

Cd Rice husk, 10.46 
Ni apricot, 101.01 

Cr sawdust, 34.07 

Cr Corn straw, 
30.15 

Cr corncob, 29.46 

Cr Bamboo waste, 
59.23 

Pb Cluster stalk , 58 

Hg Rice husk, 55.87 

V seaweed, 12.3 
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Cd Rice husk NaOH FTIR 8.50 33 

Cd Rice husk KOH FTIR 8.24 33 

Cd Rice husk Ca(OH)2 FTIR 10.46 33 

Ni apricot K2CO3 BET, FAAS 101.01 34 

Cr sawdust KOH SEM, BET, FTIR 34.07 35 

Cr Corn straw KOH SEM, BET, FTIR 30.15 35 

Cr corncob KOH SEM, BET, FTIR 29.46 35 

Cr Bamboo waste KOH FTIR 59.23 36 

Pb Cluster stalk  KOH FTIR, BET 58 37 

Hg Rice husk KOH SEM, FTIR, BET, 
XPS 

55.87 38 

V seaweed KOH SEM, EDS, FTIR, 
BET, XPS 

12.3 39 

 
From the literature review it is observed that many researchers applied the acid and base activation method to 
activate the adsorbent. S. Abdic et al. (2018) studied on the heavy metal removal by modified and unmodified 
tangerine peel adsorbent 40. The author reported that 40% of adsorption efficiency enhanced by adsorbent 
modification. The sulphuric acid is most commonly used acid activating agent for activation of adsorbents.  An 
acid and base activation method is simple, effective, time saving and economical than any other chemical 
method. The activation of functional group on adsorbent surface found successful and which is identified by 
adsorbent characterization.  
 
CONCLUSION 

In the current review, the biosorption of heavy metal on acid-base treated adsorbents have been studied. 
Agricultural waste material used as low cost adsorbent for heavy metal removal was found highly efficient and 
environmental healthy. It was observed that the modified adsorbent by acid-base chemical treatment shows 
better adsorption efficiency than non-modified adsorbents. An acid-base treatment has been most widely used 
for surface modification because of its specific impact on surface to adsorb target pollutant. Due to surface 
modification, the increase in pore volume and pore size generates more active sites for adsorption which is 
characterized by BET surface area analysis. A new functional group binding sites are formed due to activation 
which results into more uptake of metal ion from solution. The researcher were studied the presence of different 
functional groups on adsorbent surface and characterized by FTIR while the surface morphology were studied 
by SEM analysis. The amount of adsorption of metal ion depends on various factors such as adsorbent dose, pH 
of the solution, temperature, modifying method and nature of adsorbent. These type of modified adsorbent is 
helpful for industrial waste water treatment and will used to reduce the environmental pollution. 
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A B S T R A C T   

Biomass waste, which is abundantly available has been studied as low cost biosorbent for dye sequestration from 
waste water. The present review reports on recent development for remediation of methylene blue dye by 
agricultural waste and fruit peel waste material. The aim of this study was to revise latest literature in the field of 
dye adsorption and discuss the dye adsorption capacity of different types of adsorbents. The activated carbon 
prepared from several types of biomass waste material enhances the adsorption efficiency after modification. The 
variety of activating agents, method of activation, characterization of biosorbent material like SEM, EDAX, BET 
surface area and FTIR analysis has been explored in the present review. The dye adsorption factors such as effect 
of pH, agitation time, temperature, adsorbate and adsorbent dose were discussed. The detailed investigation on 
applicability of isotherm model, kinetic model and thermodynamic parameters has also been presented. The 
adsorption kinetics and adsorption isotherm model focus on selectivity of adsorbent. Adsorption mechanism, 
Influence of surface area, influence of pHpzc and comparative study of biomass waste adsorbent with other ad
sorbents have been carried out. The use of biomass waste adsorbents is economically feasible, environmental 
healthy and found to have outstanding removal capacity of dyes.   

1. Introduction 

Dyes are organic aromatic compound having complex structure and 
soluble in water. Every year dye industry produces 7 × 105 tons of dyes 
compound [1]. The industrial effluent contains huge amount of haz
ardous dyes and it is discarded into the environmental water resources. 
The presence of even lower amount of dye in water produces colour and 
which is very harmful to the aquatic life. These dyes prevents the 
penetration of sunlight into water and disturb the photosynthesis pro
cess of aquatic plants, alternately disturb the aquatic life [2]. An 
approximately 2% dyes from the total present dyes enter into the stream 
of water through different pathways and pollutes the fresh water. Due to 
complex structure of dyes, it is difficult to remove it by using chemical 
reagents and oxidizing agents [3] (see Figs. 1–4). 

Most of the dyes are toxic, carcinogenic and cannot be degraded by 
simple biodegradation technique [4]. Methylene blue is used in great 
extent in textile industry for colouring the paper, cotton, silk and wool 

[5]. Different industries like paper, plastic, rubber, leather, textile, 
cosmetics, food and pharmaceuticals uses large amount of dyes for 
colouring the material [6]. 

The traditional methods used for removal of dyes from waste water 
are physical method, chemical method and biological methods. The 
physical and chemical methods include precipitation, filtration, 
flocculation-coagulation and reverse osmosis. The organic chemical 
compounds converted into mineral material by oxidation process. 
Chemical method needs specific instruments and chemicals for removal 
of dyes. It again produces some by-products which create pollution due 
to its disposal problem. Biological method has limitations for complete 
removal of dyes. Adsorption is found to be most promising technique for 
the removal of dyes. The advantage of adsorption techniques are 
economically feasible, easy handling, availability of adsorbent and 
better efficiency [7]. Adsorption by low cost adsorbent found most 
effective for larger scale than other techniques. Activated carbon which 
is commercially available is a good adsorbent but it increases the cost of 
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dye removal. Nowadays, activated carbon prepared from biowaste, 
agricultural waste, household waste, industrial waste, clay and minerals 
found to be most effective adsorbents. These waste materials have 
disposal problems and do not have as such any appreciable economic 
value and thus such materials are explored for the removal of dyes from 
industrial effluent. From environment point of view, low cost adsorbents 
are ecofriendly, abundant, inexpensive and efficient for dye removal [8]. 

In recent years, a several type of materials such as agricultural waste, 
egg shell, coffee waste, nanoparticles, composite material, industrial 
waste, clay, fly ash and red mud are used for dye removal. Methylene 
blue has several toxic effects on human body. It causes serotonin 
toxicity, dizziness, precordial pain and bladder irritation. The re
searchers carried out the work on methylene blue dye adsorption by 
pomegranate peel [9], chitosan lignin [10], dragon fruit peel [11], fava 
bean peel [12], cashew nut shell [13], H3PO4 activated pomegranate 
peel [14], coconut leaves [15] and bagasse [16]. A review on methylene 
blue dye removal by bio-waste material were carried out by A Farhadi 
et al. [17] and Hamad Noori Hamad and Syazwami Idras [18]. This 
review summarises the data for methylene blue dye removal by various 
adsorbents and these cumulative data is advantageous in future research 
in adsorption. 

2. Adsorption mechanism 

The amount of dye adsorption depends on the type of adsorption 
mechanism and interaction between dye and sorbent surface. Ali H. 
Jawad et al. [19] has investigated surface mechanistic study of MB dye 
on KOH activated biomass waste. The dye molecule and adsorbent 
surface has several number of interactions through the functional groups 
present on surface. The MB dye cations was electrostatically attracted 

towards negatively charged groups on biomass surface. Adsorption 
mechanism on orange peel surface for methylene blue dye molecule was 
reported by Stephanie Giraldo et al. [20]. For mechanism study the 
author carried out adsorbent surface characteristic study with FTIR 
spectra and concluded that different type of interactions. The π- π 
interaction, hydrogen bonding and electrostatic interactions between 
adsorbent surface and MB dye molecule were stated. 

Ali H. Jawad and Ahmed Saudi Abdulhameed [21] studied MB dye 

Fig. 1. Different methods of adsorbent activation.  

Fig. 2. Factors affecting on adsorption.  
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removal capacity 84.74 mg/g for untreated bagasse and 35.21 mg/g for 
CaCl2 treated bagasse. The dye removal capacity of NaOH treated sug
arcane bagasse was found to be very high. 

Bagasse on treatment with tartaric acid explore their potential for the 
removal of methylene blue from aqueous solution reported by Ling Wei 
Low et al. [39]. Adsorbent material was characterized by SEM before 
and after the treatment with tartaric acid. Initially the surface of 
adsorbent was smooth with a few tiny pores while after modification it 
becomes uneven with a few pores. The amount of adsorption increased 
with increase in dye concentration with optimum pH 9. However, the 
adsorption phenomenon found to be temperature dependent. The 
amount of adsorption at 30 ◦C and 50 ◦C were found to be 59.88 mg/g 
and 69.93 mg/g respectively. 

Md. Tariqul Islam et al. [40] reported that peanut shell improved its 
adsorption capacity on refluxing with sulphuric acid. A 5 g of Peanut 
shell were refluxed with 40 ml conc. H2SO4 for an hour and then cooled, 
filtered, washed with distilled water, dried and used for batch experi
ments. The simulation studies for the effect of initial dye concentration, 
pH, contact time and temperature were studied. Stronger electrostatic 
interaction between methylene blue and adsorbent can be achieved due 
to change in pH from acidic to alkaline. It was found that change in pH 
from 3.5 to 10 increased the adsorption capacity of adsorbent from 500 
mg/g to 810 mg/g. The maximum adsorption capacity of 1250 mg/g 
was found for an initial dye concentration at 1500 ppm and pH. 

10. Langmuir and Freundlich adsorption isotherm were studied to 
investigate the interaction between adsorbent and adsorbate, Langmuir 
model was best fitted for these studies. Adsorption kinetics followed 
pseudo second order kinetic model. The author also studied column 
adsorption by using 2 g adsorbent with 105 g sea sand packed in column 
and reported 100% removal efficiency for 36 L of 20 ppm of methylene 
blue solution at pH 7. 

Coconut leaves powder on microwave induced NaOH activation was 
studied for adsorption of methylene blue dye [41]. The 10 g of coconut 
leaves impregnated with 40 ml NaOH solution (50%) in the ratio of 1:4. 
The impregnated mixture was kept in oven 110 ◦C for 24 h. The pre
pared material was acid washed and oven dried for batch experiment 
study. The author investigated different parameters such as adsorbent 
dose (0.2–1.50 g/l), dye concentration 100 mg/l, contact time (15–90 
min), temperature (298–323 K) and pH (3–8). The author reported 
99.37% colour removal and 98.27% COD reduction with 87.72 mg/g 
dye uptake capacity. 

Etim U. J. et al. [42] investigated the use of coconut coir dust without 
any physical and chemical modification for methylene blue dye removal 
by batch experiment study. The author studied the various parameter 
like adsorbent dose (0.05–0.2 g), different initial dye concentration, pH 
(2–10) and contact time (0–35 min). The mechanism and nature of 
adsorption was studied by Langmuir, Freundlich and Tempkin adsorp
tion isotherm. In a kinetic study, the experimental data well matches 
with pseudo second order kinetic model with correlation coefficient (R2 

= 1). The maximum adsorption was observed for methylene blue dye by 
coconut coir dust adsorbent was 29.50 mg/g. 

An experimental investigation of MB adsorption by response surface 
methodology through statistical optimization on walnut shell was car
ried out by Mohammad Kashif Uddin and Abu Nasar [43]. The adsorbent 
material was characterized by XRD, BET surface area analysis, SEM, 
FTIR and Thermogravimetric analysis. Adsorption capacity increased 
from 4.713 mg/g to 18.192 mg/g by increasing the dye concentration 
50–200 mg/l. Through the isotherm study it was observed that 
adsorption process was endothermic and spontaneous in nature. The 
optimum conditions for better adsorption were adsorbent dose 0.5 g, 
dye concentration 50 mg/l, pH 8 and temperature 30 ◦C. The author also 
carried out desorption study by using 0.1 N HCl and found complete 
desorption of Methylene blue dye. 

N. Ahalya et al. [44] studied various parameters of adsorption on 
tamarind pod shells for methylene blue dye adsorption. The presence of 
–COOH, –OH, C–O and C––O groups on adsorbent surface was detected 

by FTIR frequencies 2924, 3430, 1030 and 1654 cm− 1 respectively. An 
element detection of tamarind pod shell adsorbent were carried out and 
found 46.01% carbon and 6.14% hydrogen with 0.94% of nitrogen. The 
equilibrium time required for 50 and 100 ppm solution was 70 and 80 
min respectively. A total 60.11 mg/g maximum adsorption of methylene 
blue was found out by tamarind pod shells. 

Waste date stone has great potential sorption value due to change in 
physicochemical characteristics after modification with chemicals. A 
date stone has lignocelluloses biomass, abundant availability and 
negligible economic value. Date stone adsorption capacity was 
improved by modified with 2 N H2SO4 solution as reported by Nour
eddine El Messaoudi et al. [45]. The lignocelluloses biomass adsorbent 
on treatment with H2SO4 activates the functional adsorption sites and 
increases binding capacity for adsorbate particle. An acid treated 
adsorbent material was characterized by FTIR, SEM and thermogravi
metric analysis (TGA). SEM analysis shown that acid treated adsorbent 
has microporous and irregular structure than untreated adsorbent. TGA 
was studied in the temperature range 25 ◦C–600 ◦C with heating rate 
10 ◦C/min for thermal stability of adsorbent. FTIR frequencies depicts 
that adsorbent have bonded –OSO3 group after modification with acid. 
During the experiment, methylene blue concentration increased from 
100 mg/l to 300 mg/l resulted into increased in amount of adsorption 
from 98.07 to 280.37 mg/g at contact time 60 min. Langmuir isotherm 
model was found to be most satisfactory having 515.46 mg/g maximum 
adsorption capacity. The author tested desorption study and noted that 
95.38% of methylene blue desorption was obtained with 0.1 N HNO3. 

Adsorption efficiency of rice straw improved by treating with acid- 
alkali was investigated by Nady A. Fathy et al. [46]. The raw rice 
straw were treated with citric acid and EDTA separately and dried at 
50 ◦C. In physicochemical analysis bulk density, moisture, iodine 
number, slurry pH were studied. Adsorption study was carried out by 
using 20–200 mg/l methylene blue solution (25 ml), adsorbent dose 
0.15 g, pH 6 with contact time 2 h. The effect of pH on adsorption rate 
was studied in the pH range 2–10 and amount of adsorption increased by 
changing the pH from acid to alkaline. The untreated and citric acid 
treated rice straw showed maximum adsorption 32.60 mg/g and 62.90 
mg/g respectively. Recycling and reusable ability of adsorbent were 
studied by desorption study which was carried out by treating used 
adsorbent with 0.1 M HCl and 0.1 M NaOH. A complete removal of 
methylene blue was observed on treating with 0.1 M HCl. 

Hee Jeong Choi et al. [47] studied on agricultural biosorbent corncob 
for removal of MB. Hauser ratio and porosity analysis showed that 
corncob has good ability of adsorbent due to number of pores on surface. 
The corncob adsorbent material was prepared by drying at 70 ◦C for 72 h 
and cutted in 0.5 cm thickness and stored in desiccator. Batch studies 
were carried out by investigating the parameters such as effect of pH, 
initial MB dye concentration, corncob dosage and temperature. The pH 
of the solution was adjusted by using the solution HCl or NaOH in be
tween the pH 2 to 10 and effect of temperature was studied in between 
10 ◦C to 30 ◦C. The elemental analysis of corncob were carried out and 
showed 57.81% C, 5.41% H, 0.83% N, 0.03% S and analysis of physical 
properties includes 1.42% moisture, 17.41% volatile matter. 3.23 as h 
content, 37.63% fixed carbon and 83.51% porosity. The surface char
acterization carried out by SEM analysis and it showed that corncob 
surface was very irregular and porous in nature. The surface of corncob 
was found multiple layers of thin films which adsorb larger amount of 
dye. The amount of removal of MB in 3 h was found 82.46%, 86.79%, 
96.01 and 98.62% at MB concentration 0.02 g/l, 0.01 g/l, 0.005 g/l and 
0.0025 g/l respectively. The removal percentage of MB was decreased 
by increase in initial MB concentration from 0.02 g/l to 0.005 g/l. The 
effect of pH was observed by maintain pH value at 2,4,6,8 and 10 and 
removal of MB dye was 11.47%, 38.46%, 99.74%, 99.89% and 99.90 
respectively. The maximum adsorption observed at higher pH value due 
to electrostatic interaction. As the pH increase, the removal rate also 
increased because of increased in anions in the aqueous solution. The 
maximum adsorption was found 417.1 mg/g. 
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Chemically modified cellulose waste prepared from corn cob waste 
was studied by Jin Yaniqiao et al. [49]. Corn cob waste was treated with 
citric acid via esterification and used as biosorbent for removal of MB 
dye. The corncob residue was washed with distilled water and then dried 
at 60 ◦C for 24 h. The dried material was filtered to 120–500 mesh size. 
The powdered residue material was pretreated with 0.1 mol/l NaOH for 
2 h and then washed with water to remove excess base. The residue 
material was treated with 0.6 mol/l citric acid at the ratio 1:10 (w/v) for 
1 h and then dry it overnight at 60 ◦C, then temperature increased up to 
120 ◦C for 3 h. The resultant material was filtered with hot distilled 
water under vacuum, dried and used it for batch experiment study. 
Characterization of biosorbent material was carried out by FTIR and 
XRD study. In XRD study it was observed that the crystallinity of corn 
waste material is not affected after modification. The biosorbent ca
pacity and removal rate decreased from 124.9 to 121.0 mg/g and 
99.95%–96.7% respectively by increasing the temperature from 20 ◦C to 
60 ◦C which proved that biosorption process was exothermic and favors 
at low temperature. The adsorption occurred very rapidly in first 10 min 
and then adsorb slowly, it is due to the more availability of surface 
function sites at initial stage of adsorption. The maximum MB adsorp
tion 214.5 mg/g was found at the MB concentration 800 mg/l. 

Cashew nutshell, a novel adsorbent for removal of MB dye was 
investigated by Ramlingam Subramanium et al. [50]. The author used 
the activated carbon prepared from cashew nut and studied different 
process variable viz. pH, initial dye concentration, adsorbent dose and 
contact time. The authors carried out several operations for activation of 
carbon. Initially the material was sieved and dried, then carbonization 
was carried out at 7000C under N2 atmosphere. The resultant material 
was soaked in KOH with ratio 1:1 and dehydrated at 105 ◦C for over
night followed by pyrolysis in stainless steel vertical tubular reactor. The 
material was activated by placing it in a tube furnace under high purity 
nitrogen at 850 ◦C for 2 h. The resultant activated product was cooled to 
room temperature and washed with deionized water. Finally the acid 
treatment was given followed by washing with hot distilled water. BET 
surface area 984 m2/g, average pore diameter 2.52 nm and pore volume 
0.552 cm2/g was found in surface characterization of activated bio
sorbent. The increase in initial MB dye concentration, the driving force 
increases and also enhanced the interaction between adsorbent surface 
and MB dye, which ultimately affects the greater adsorption rate. The 
author used response surface methodology (RSM) to design the experi
ment, optimize the variable and model the process. 

P. Senthil Kumar et al. [51] studied on removal of MB by cashew nut 
shell in order to explore their potential use as a biosorbent for MB 
removal. The characterization of biosorbent was carried out by FTIR, 
BET and SEM. The BET surface area, average pore diameter, pore vol
ume and bulk density were found 395 m2/g, 5.89 nm, 0.4732 cm2/g and 
0.415 g/cm2 respectively. The author studied the effect of pH on 
adsorption rate and it was concluded that adsorption of MB increases 
with increased in solution pH. At lower pH, the adsorption sites are 
occupied by H+ ions and hence less adsorption occurred while at higher 
pH the negative ion increased which increases the adsorption through 
electrostatic attraction. The optimum temperature 30 ◦C was found for 
maximum adsorption. The decreased in adsorption from 98.18 to 
90.79% was observed by increased in temperature from 30 ◦C to 60 ◦C. 
Thermodynamic parameters such as enthalpy, entropy and free energy 
change were determined. The Gibbs free energy value found negative 
which indicated adsorption is feasible and spontaneous. The negative 
value of enthalpy change indicates exothermic nature and entropy value 
suggested the randomness at the surface. Langmuir adsorption isotherm 
best fitted to the experimental values as compared to Freundlich, 
Tempkin and Dubinin-Radushkevich isotherm model. The pseudo sec
ond order kinetic model well fitted than pseudo first order and elovich 
kinetic model. The maximum adsorption of MB dye was found 5.311 
mg/g at pH 10 within contact time 60 min. 

An onion skin treated with cold plasma and formaldehyde was 
investigated for removal of MB dye by Cafer Saka et al. [52]. Onion skin 

are disposed into the environment in massive amount which causes 
health issues to the community. The onion skin were collected, dried and 
removed the adhere impurities. The skins were boiled for 3 h to remove 
colored material and dried in oven for 24 h at 85 ◦C. The dried material 
was sieved and treated with Nitrogen plasma for 30 min. The cold 
plasma treated material was used for batch experiment study. The 
author also studied the formaldehyde treated onion skin for adsorption. 
Formaldehyde (1%) with onion skin in the ratio 1:5 at room temperature 
for 24 h. The resultant material was filtered with water for several time 
to remove formaldehyde and dried in oven at 80 ◦C for 24 h. The pre
pared biosorbent material were sieved and used for adsorption study. 
FTIR study were carried out in between 4000 and 400 cm− 1. Lower 
adsorption found at acidic pH and it goes on increasing with increased in 
pH from 2.5 to 10. The cold plasma treated onion skin increased in dye 
removal from 12.692 mg/g to 120.26 mg/g by increased in dye con
centration from 10 to 100 mg/l while the formaldehyde treated onion 
skin adsorbent showed increased in dye removal from 14.268 to 118.35 
mg/g. The author studied pseudo first order and pseudo second order 
kinetic model and found that pseudo first order kinetic model described 
best for the uptake of methylene blue. The cold plasma treated onion 
skin showed maximum adsorption 250 mg/g while formaldehyde 
treated onion skin showed maximum adsorption 166.67 mg/g. 

Somaneh Saber-Samandari and Jalil Heydaripour [53] studied on 
onion membrane as a biosorbent for MB dye. The maximum adsorption 
was found 1.055 g/g in first hour with efficiency 84.45% while in 8 h it 
was 1.202 g/g with efficiency 96.20%. The biosorbent material was 
characterized by FTIR and SEM. It was found that onion membrane has 
–COOH and –OH anionic groups which shows electrostatic attraction 
towards positive charge and hydrogen of MB dye molecule. The author 
studied three kinetic models such as pseudo first order, pseudo second 
order and intraparticle diffusion model. Langmuir and Freundlich 
isotherm model were also studied and found that the Freundlich model 
well-matched with experimental data. Adsorption process was found 
exothermic and spontaneous by thermodynamic study. 

Mohamad Firdaus Mohamad Yusop et al. [55] explored the physi
cochemical activation process by KOH treatment to the acacia wood for 
methylene blue dye adsorption. Due to physicochemical treatment, 
mesopore surface area increased from 268.40 m2/g of raw char to 
689.77 m2/g of activated acacia wood carbon. The average pore volume 
and total pore volume of activated material was found 2.78 nm and 
0.5350 cm2/g respectively. An elemental analysis of material showed 
78.60% Carbon, 7.20% Hydrogen, 0.01% Sulphur and 14.19% of Ni
trogen and Oxygen. By increasing temperature from 30 ◦C to 60 ◦C the 
adsorption of methylene blue reduced from 210.21 to 179.85 mg/g. 
Adsorption capacity increased from 256.41 to 279.33 mg/g at pH 8 to 10 
respectively. In a thermodynamic study, enthalpy change (ΔH0) and 
entropy change (ΔS0) values were determined as − 44.32 kJ/mol and 
− 0.16 kJ/mol respectively. 

4. Influence of surface area 

The BET surface area, pore diameter and pore volume of phosphoric 
acid activated corn cob carbon powder was studied by Ali H. Jawad et al. 
[56]. The observed BET surface area was 415.2 m2/g, pore diameter 
3.35 nm, volume in pores 95.4 cm2/g and total volume in pores 0.35 
cm2/g. Ahmad Saud Abdulhameed et al. [57] studied the effect of 
activation of carbon and increase in surface area of adsorbent prepared 
from biomass green waste. The adsorbent material on activation changes 
the textural property. The enhancement in surface property such as pore 
volume from 0.202 cm2/g to 280.2 cm2/g, total pore volume 0.007 
cm2/g to 0.762 cm2/g and BET surface area 1.14 m2/g to 1245.6 m2/g 
for raw adsorbent to activated adsorbent respectively. The obtained data 
indicates that sample was mesoporous in nature. The corn cob was 
activated with sulphuric acid and used for methylene blue dye adsorp
tion studied by Ali H. Jawad et al. [58]. The mean pore diameter and 
BET surface area was found 11.534 nm and 1.653 m2/g respectively. 
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Mondira Bardhan et al. [59] worked on betel nut husk carbon acti
vated with sodium hydroxide for MB dye removal. The textural property 
was studied with BET surface area analysis. The obtained pore diameter 
3.533 nm depicts mesoporous properties. The author reported that BET 
surface area 81.73 m2/g was found longer in comparison with areca 
husk. The activated adsorbent showed maximum adsorption capacity 
381.6 mg/g at temperature 30 ◦C. The acid treated rubber leaf shows 
maximum adsorption capacity 263.2 mg/g reported by Ali H Jawad 
et al. [60]. Due to acid activation with high concentration of sulphuric 
acid, the decrease in surface area was observed, alternatively increase in 
sulphur and oxygen content on adsorbent surface. The BET surface area 
and total pore volume for activated carbon of rubber leaf were found 
1.65 m2/g and 0.00342 cm2/g respectively. 

5. Fruit peel waste 

Fruits contain noteworthy ingredients which are useful to maintain 
good health. Day by day demand of fruits goes on increasing due to rise 
in population and health issues. During the fruit processing, 20–30% 
materials are discarded as waste. The fruit waste includes seed, peel and 
pomace which contain dietary fibers, carotenoids, polyphenols and 
other fibers [61]. The use of proper fruits in diet reduces the risk of 
diseases such as cancer and cardiovascular diseases [62]. Fruit seeds can 
be preserved and used but fruit peels are generally of no use and dis
carded as waste. Different organic and inorganic pollutants were suc
cessfully removed by using fruit peel biosorption process. Fruit peel 
based adsorbents are explored for the removal of methylene blue dye 
[63], the various fruit peels used are summarized in Table 2. 

Ali H. Jawad et al. [64] investigated mango peel as an adsorbent for 
removal of methylene blue dye from its aqueous solution. Mango fruit 
found to be one of the most consumable fruit in the entire world. The 35% 
to 60% mass from the mango fruit considered to be the byproduct and 
discarded as a waste material into the environment. The mango peel 
contained carotenoids, vitamin E, vitamin C, polyphenols, lactic acid and 
dietary fibers. The author utilized sulphuric acid to activate and modify 
the mango peel waste. At first, the mango peels were collected from local 
fruit juice center and then washed with water. Afterwards, dried in oven 
at 105 ◦C for 24 h for removal of moisture content. The material was 
grinded, sieved and treated with acid in proportion of 1 g powder with 1 
ml sulphuric acid. Activated material was examined to ash content, 
moisture content and micropore content. Surface morphology was 
characterized by SEM-EDAX. The change in surface topography of the 

adsorbent indicated that, reduction in pore structure and the surface 
became smoother after adsorption. In FTIR spectra study, shifting in 
frequency before and after adsorption of methylene blue dye proved the 
methylene blue interaction with functional groups of activated mango 
peel adsorbents. Adsorption kinetics were studied by using pseudo first 
order and pseudo second order kinetic model. Maximum adsorption by 
pseudo first order and pseudo second order were found 241.94 mg/g and 
256.41 mg/g respectively. It was found that pseudo second order kinetic 
model is well fitted to the adsorption kinetics. In adsorption thermody
namic study, the entropy change positive value indicated that adsorption 
process was endothermic and follows chemisorption mechanism through 
strong forces of attraction. The author reported that maximum adsorption 
capacity for sulphuric acid treated mango peel was found 277.8 mg/g. 
Methylene blue adsorption by H
3

PO
4 

treated and activated orange peel has been investigated 
by Maria Emilia Fernandez et al. [65]. For activation of carbon content 
within orange peel, the powdered material with diameter 500–1000 μm 
was treated with 50% H3PO4. Elemental analysis of untreated orange peel 
showed 43% Carbon, 5.9% Hydrogen, 50.2% Oxygen while treated or
ange peel material showed 82% Carbon, 2.5% Hydrogen, 14% Oxygen 
and 0.9% Nitrogen. Batch and continuous experiments were carried out 
for adsorption study. For continuous adsorption experiment, acid acti
vated orange peel powdered material was packed into the column having 
internal diameter 1.6 cm, height 36 cm and diameter of particles used in 
between 105 and 250 μm. Adsorption capacity found 0.131 mmol/g by 
using pseudo second order kinetic model at pH 7, initial concentration 
0.21 mmol/g and adsorbent dose 0.29 mmol/100 ml. By using Langmuir 
adsorption isotherm 1.00 mmol/g adsorption capacity was achieved. 

Lina B. L. Lim et al. [66] utilized breadnut peel as adsorbent for its 
ability to remove methylene blue dye. Artocarpus camansi commonly 
known as breadnut belongs to Artocarpus of the Moraceae family. 
Breadnut peels are inedible, having no economic value and thus dis
carded as waste. The author studied different experimental parameters 
such as effect of pH, contact time and adsorbent dose. The prepared and 
dried breadnut peel powder was characterized for element content in 
which 41.1% carbon was found by elemental analysis. In general char
acterization, the adsorbent contain 21% fiber which is beneficial for 
adsorption of dye molecule. SEM characterization point up that, after 
methylene blue treatment, roughness of adsorbent surface was changed 
and reduced in number of pores due to packing with methylene blue 
molecules. The author noted that, high removal efficiency of dye 
molecule was due to fibrous and porous surface of adsorbent. The 
calculated specific surface area 1519 m2 g-1 was found to be higher than 

Table 2 
Various fruit peel waste used as low cost adsorbents.  

Fruit peel adsorbents Activating agent pH Temp (◦C) Contact Time (min) Max. Adsorption (mg/g) Ref. 

Mango Sulphuric 
Acid 

5.6 30 60 277.8 64 

Breadnut – 6 25 60 409 66 
Banana H2SO4 11 30 1440 250 67 
Banana Carbonization 6.3–6.9 25 150 1263 68 
Pomegrana te – 7 30 150 36.36 69 
Pomegrana te – 11 30 30 102.25 70 
Citrus – 6.4 24 – 185.83 71 
Citrus Calcium alginate 6.4 24 – 964.54 71 
Citrus Lanatus ZnCl2 5.45 25 – 231.48 72 
Citrus Lanatus H2SO4 5.6 30 0-300 200 73 
Kendu Ammonium carbonate 6 25 100 144.9 75 
Pomelo — 10 30 180 81.71 76 
Pomelo Citric acid 10 30 180 199.29 76 
Pomelo – 10 30 150 218.5 77 
Pumpkin Beetroot Extract 7 50 180 198.15 78 
Bean Microwave induced KOH 9 25 30 45.45 79 
Acron Microwave induced KOH 9 25 30 17.54 79 
Dragon – 4.7 20-25 60 640 81 
Apple – 6 20 360 107.52 82 
Durian NaOH – – – 235.80 83 
Orange Carbonization 6 30 180 476 85 
Banana Carbonization 8 30 180 390 85  
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other relevant adsorbents. The equilibrium time found 60 min to achieve 
maximum adsorption and further increased in time does not show any 
more adsorption. Spontaneous biosorption process was studied by using 
energy and entropy factors. At temperature 25 ◦C Gibbs free energy 
change − 6.25 kJ mol− 1 indicated that adsorption process was 
exothermic and spontaneous. The author also reported that increased in 
temperature, negative value of ΔG0 increases, which proved that 
adsorption occurred at lower temperature and maximum adsorption 
capacity qmax decreased with increased in temperature. The maximum 
adsorption 409 mg/g was found at temperature 25 ◦C. 

Banana peel is the most wasted peel among the other fruit peels. It 
contains cellulose, lignin, starch, protein and hemicelluloses but these 
peels have no economic value and considered to be waste material. 
However, preparation of activated carbon from banana peel as an 
adsorbent found to be most attractive alternative for commercial acti
vated carbon. Ali H. Jawad et al. [67] reported the acid treated banana 
peel as adsorbent for methylene blue removal. Raw banana peels were 
washed, dried, grinded, sieved and impregnated with concentrated 
H2SO4 for activation purpose. Elemental analysis showed Carbon 
55.54%, Oxygen 37.95% and Hydrogen 4.24%. Due to activation by 
sulphuric acid, the SO3 group bonded on adsorbent surface group which 
creates negative charge on surface for maximum adsorption. It has been 
reported that, the amount of adsorption depends on initial dye con
centration, as the initial concentration increased from 10 mg/l to 300 
mg/l, then removal of methylene blue increased from 16.63 to 259.70 
mg/g. Higher methylene blue concentration creates large driving force 
which determines more probability of collision between adsorbent and 
methylene blue molecule. From the calculated data of adsorption 
isotherm, author noted that Langmuir isotherm model best fitted with 
larger R2 value (0.990) than Freundlich (0.703) and Tempkin model 
(0.922). The monolayer and homogeneous adsorption occurred on the 
surface of adsorbent. Batch experiment study were carried out between 
the pH 3–12, contact time 0–1440 min, methylene blue concentration 
10–300 mg/l and adsorbent dose 0.02–0.30 g. At temperature 30 ◦C, the 
maximum adsorption capacity 250 mg/g was found in batch experiment 
study. Adsorption was spontaneous and endothermic in nature. The 
adsorption efficiency of banana peel has been improved by carboniza
tion process at temperature 500–750 ◦C reported by Jian Feng Ma et al. 
[68]. Pyrolysis of volatile matter occurred during carbonization which 
changes the original surface morphology. A numerous micropores 
formed on the surface and a high surface area 1950 m2 g-1 was found. 
The pore volume was 1.071 cm2g-1 while 0.869 cm3g-1 micropore vol
ume observed. According to adsorption kinetic study, 87–95% adsorp
tion was found in the first 10 min due to the high driving force on 
methylene blue molecule for migration towards adsorbent surface. The 
maximum uptake of methylene blue 1263 mg/g was observed which is 
higher than any treated and activated banana peel for methylene blue 
dye. 

Fuat Guzel et al. [69] reported pomegranate peel as an adsorbent 
with adsorption capacity of 36.36 mg/g for removal of methylene blue. 
Punica granatum commonly known as pomegranate is found to be most 
popular and nutritional fruit. Pomegranate peel becomes thick and hard 
carries 5–15% of total weight. A huge amount of pomegranate peel 
discarded as waste from fruit juice industry. The authors prepared fine 
powder from the peel by washing, grinding, sieving and drying methods. 
The resultant material was studied without any further physical or 
chemical treatment. The batch experiments were carried out at different 
pH values between 2 and 12 with proper addition of 0.1 M NaOH or 0.1 
M HCl solution. The amount of adsorption increased from 5.36 to 20.68 
mg/g with increase in pH from 2 to 7. This is due to decrease in elec
trostatic repulsion between the positively charged surface and methy
lene blue molecule. The pH 7 was found to be suitable for better 
adsorption. Equilibrium time 150 min was found but initial adsorption 
occurred very rapidly within first 60 min and then adsorption capacity 
became slower. The variation in biosorbent dose from 0.1 g/l to 1 g/l 
enhances the methylene blue removal from 38.6 to 94.0%. The author 

studied the effect of salt ionic strength on removal of methylene blue dye 
and reported that adsorption decreased by increased in NaCl salt con
centration. The salt cations occupied the surface of adsorbent rather 
than methylene blue. Furthermore, author worked on desorption study 
of dye from adsorbent surface. They utilized HCl, HNO3, CH3COOH, 
H3PO4

, Citric acid and water as desorbing agents. The desorption effi
ciency with various materials were found as with citric acid 78.25%, HCl 
57.81%, HNO3 55.73%, H3PO4 68.64% and with water 3.29%. Citric 
acid showed maximum desorption of methylene blue while water 
showed minimum desorption. It was due to more binding cites of 
carboxyl group in citric acid molecule. 

An investigation on pomegranate peel was carried out by Nur Dini 
Daud et al. [70] to evaluate the removal efficiency for methylene blue 
dye from its aqueous solution. They found the adsorption capacity 
102.25 mg/g and dye removal percentage 99.8%. The batch experi
ments were carried out with pH 11, adsorbent dose 1.0 g, contact time 
120 min, dye concentration 10 mg/l and temperature 30 ◦C. 

Application of citrus peel encapsulated with calcium alginate and 
unmodified citrus peel as ecofriendly and effective biosorbent for 
removal of methylene blue was reported by Amina Aichour et al. [71]. 
Fine fractions of citrus peel were prepared by washing, crushing, sieving 
and drying. One fraction of the prepared material was added into 2% 
sodium alginate and stirred for 10 h. Then added into 4% calcium 
chloride to form beads, it was washed repeatedly to remove excess so
dium chloride and dried. The author studied both batch and continuous 
adsorption methods. Plastic column with diameter 1.9 cm and length 20 
cm was used in continuous method. Several parameters such as adsor
bent flow rate, effect of bed height, and effect of initial concentration of 
dye were studied. The total amount adsorbed, effluent volume, 
adsorption at equilibrium and amount of dye spent in the column were 
determined by using breakthrough curve. The batch study showed that 
93% of methylene blue was removed by using calcium alginate encap
sulated citrus peel. The high correlation coefficient (R2) showed Lang
muir model well fitted and proved monolayer adsorption. The maximum 
amount of methylene blue adsorbed was 185.83 mg/g on citrus peel and 
964.54 mg/g over encapsulated citrus peel. For an initial concentration 
of methylene blue 200 mg/l with flow rate 2 ml/min and bed height 3.5 
cm, the amount of methylene blue obtained 93.6% having bed capacity 
of 31.45 mg/g. Thomson and Yoon-Nelson model best fitted by the 
breakthrough curves. 

Activated carbon prepared from citrullus lanatus rind was found 
efficient for the removal of methylene blue reported by Osman Umer 
et al. [72]. The rind of citrullus lanatus commonly known as watermelon 
considered to be waste and no economic value. On treatment with 
chemicals and carbonization process, the rind produced highly efficient 
activated carbon. The watermelon rind were collected, washed and 
cleaned with distilled water, cutted into small pieces, dried in sunlight 
for 2 days and then crushed and sieved (50 mesh). The dried powder 
impregnated with ZnCl2 in the ratio of 2:1 with refluxing condition for 
an hour. The resultant material was dried for 24 h at 105 ◦C in an 
incubator. Then carbonization was carried out in furnace at 700 ◦C for 
60 min. For removal of chloride and zinc compound from the surface of 
adsorbent, it was treated with 0.1 N HCl followed by hot water, dried in 
incubator at 105 ◦C and used for adsorption study. Thermal behavior of 
the prepared material during the carbonization and activation was 
studied by using thermogravimetric analysis. The carbon content anal
ysis of raw material and treated material found to be 38.57% and 
60.42% of respectively. Effect of temperature on adsorption of methy
lene blue was found to be significant. The amount of methylene blue 
adsorbed was 231.48, 243.90, 244.50 and 259.74 mg/g at temperature 
25 ◦C, 35 ◦C, 45 ◦C and 55 ◦C respectively. The author utilized Langmuir, 
Freundlich, Tempkin and Dubinin-Radushkevich model to explain 
adsorption mechanism. The correlation coefficient value from Langmuir 
isotherm was found to be closer to 1, suggested that the Langmuir model 
best fitted for adsorption study. Pseudo-first order, pseudo second order 
and Elovich model were examined for kinetic study. The correlation 
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coefficient value was in the range of 0.995–1.000 proved to be the best 
fitted pseudo second order kinetic model. Thermodynamic study 
revealed that adsorption was endothermic in nature, spontaneous and 
feasible. 

Ali H. Jawad et al. [73] used sulphuric acid for activation of citrus 
lanatus rind. One step chemical activation by sulphuric acid at tem
perature 110 ◦C for 24 h was used for activation to adsorbent material. 
The effect of different system variables such as contact time, pH, initial 
dye concentration and adsorbent dose were studied in batch experi
ments. Elemental analysis of adsorbent material showed 41.06% carbon, 
52.25% oxygen, 5.12% hydrogen and 1.57% nitrogen. Adsorption ca
pacity increased at equilibrium from 60 mg/g to 300 mg/g with 
increased in methylene blue concentration from 50 to 400 mg/l. The 
increased in amount of adsorption was observed due to increase in 
collision rate between methylene blue molecule and adsorbent surface. 
The calculated and measured quantity of adsorbed value in pseudo 
second order kinetic model was closer than the values obtained from 
pseudo first order model, indicated that pseudo second order kinetic 
model satisfied the adsorption kinetics. The author reported that the 
adsorption mechanism on the adsorbent surface was occurred due to 
electrostatic attraction between positively charged methylene blue 
molecule and negatively charged functional group on adsorbent surface 
and also due to the hydrogen bonding and π- π stacking interaction be
tween surface framework of adsorbent and aromatic rings of methylene 
blue molecule. The maximum adsorption capacity 200 mg/g at 30 ◦C 
was found and well described by Langmuir isotherm model. 

Similarly, batch and fixed bed column studies were carried out on 
watermelon rind by Lakshmipathy and N. C. Sarada [74]. Batch studies 
were performed with different parameters like adsorbent dose, pH, 
contact time and initial dye concentration while fixed bed column 
studies were carried out with parameters such as bed height, flow rate 
and initial inlet concentration. Thomas and Yoon- Nelson and 
Adams-Bohart model were studying for analyzing the breakthrough 
curve. Glass column having length 15 cm with diameter 1 cm packed by 
adsorbent material was used for fixed bed column adsorption process. 
The physicochemical characteristics of watermelon rind showed 61.47% 
carbon and 30.31% oxygen. By increasing the temperature 30 ◦C–50 ◦C, 
the amount of adsorption changed from 44.5 to 46.1 mg/g, shows no 
appreciable change in adsorption with increase in temperature. 

Sumanta Sahu et al. [75] investigated the use of kendu fruit peel as 
low cost adsorbent for the removal of methylene blue. Kendu is popular 
fruit belongs to Ebenaceae family known to be coromandel ebony. In 
order to improve the adsorption efficiency the chemical treatment was 
done by ammonium carbonate followed by carbonization to the bio
sorbent material. The washed, dried fruit peel powder carbonized in 
furnace at 400 ◦C for 2 h. The carbonized biomaterial was modified by 
mixing 20 g powder with 250 ml 0.05 M ammonium carbonate and then 
stirred it for 24 h on magnetic stirrer. The resultant material was filtered, 
dried in oven at 100 ◦C for 2 h and then in muffle furnace at 400 ◦C for 2 
h. The prepared material was known to be modified biosorbent and used 
for batch experiment study. Biosorbent material was characterized by 
SEM, FESEM and FTIR. The surface area and pore size were calculated 
from BET and BJH method respectively. Thermogravimetric analysis 
was performed to study thermal stability of material. The pore volume 
and specific surface area were determined by using Quantachrome 
model. The SEM micrographs showed that modified biosorbent material 
surface was fully porous with different sizes. The modified biosorbent 
surface area 249 m2 g-1, pore volume 0.133 cm3g-1 and pore size 3.09 nm 
were found from BET characterization. The author noted that temper
ature has no effect on adsorption capacity. The maximum adsorption of 
144.9 mg/g was found for the batch study. The adsorption energy value 
(E) 10.42 KJmol-1 indicated that it was chemical adsorption. 

Pomelo is largest fruit from citrus belongs to Rutaceae family. 
Approximately 15% weight out of the fruit is discarded as peel waste. 
Pomelo peel was found to be attractive biosorbent for dye removal from 
its aqueous solution. Yimei Ren et al. [76] studied pomelo peel as an 

adsorbent and improved its removal efficiency by modifying with cit
rate. The grinded small particles (60–80 mesh) were prepared from 
pomelo peel by washing, grinding and drying at 60 ◦C. 5 g Pomelo peel 
powder and 150 ml citric acid (0.6 mol/l) was stirred at room temper
ature, filtered, dried at 55 ◦C for 20 h and then heated for 90 min at 
120 ◦C. After cooling the mixture was filtered and added into 100 ml 
NaOH solution (0.1 mol/l), material was washed with hot water (70 ◦C) 
and dried in oven for 24 h at 60 ◦C. The increased in adsorption was 
found with increased in initial concentration of methylene blue. The 
maximum adsorption occurred within first 30 min and then adsorption 
equilibrium achieved after 3 h. Removal rate of methylene blue 
increased from 46.22% to 90.51% and adsorption capacity increased 
from 38.52 mg/g to 75.43 mg/g with increased in pH 2.57 to 4.1. The 
author reported that below the pH 5.3, the surface of adsorbent was 
positively charged, which decreased the electrostatic attraction between 
adsorbent surface and methylene blue molecule. The pH value more 
than 5.3 makes the surface negatively charged and increased in elec
trostatic attraction which ultimately increased in adsorption capacity. 
The correlation coefficient value of pseudo second order model was 
found to be higher than pseudo first order model. The adsorption ca
pacity value of calculated and experimental analysis found closer which 
indicated that pseudo second order kinetic model well fitted than pseudo 
first order kinetic model. From thermodynamic study it was observed 
that increased in temperature has no effect on adsorption. Negative 
value of ΔH0 indicated that adsorption process was exothermic. The 
increased in ΔG0 with rise in temperature proved that maximum 
adsorption occurred at lower temperature. From the obtained values it 
was concluded that, adsorption process was exothermic, spontaneous 
and entropy decreased process. 

The internal interaction relationship during adsorption process was 
studied by Van Phuc Dinh et al. [77] using pomelo peel adsorbent. 
Computer simulation by ab initio model was applied to simulate the IR 
spectra of pomelo peel biosorbent material. The combination of FTIR 
measurement with ab initio model was found to be effective to under
stand the adsorption mechanism. By using such combination author 
concluded that methylene blue adsorption on biosorbent took place due 
to electrostatic attraction and hydrogen bonding. The author studied 
four kinetic model such as pseudo first order, pseudo second order, 
intraparticle diffusion and Elovich model having correlation coefficient 
value 0.6183, 0.9282, 0.8422 and 0.9671 respectively. From the 
calculated values it was indicated that adsorption kinetics followed 
pseudo second order kinetic model. To estimate adsorption, the author 
utilized five adsorption isotherm models such as Langmuir, Freundlich, 
Tempkin, Sips and Dubinin-Radushkevich. The Langmuir isotherm 
model well fitted with maximum adsorption capacity 218.5 mg/g. 

Jamshaid Rashid et al. [78] utilized pumpkin peel by modifying with 
beetroot extract as novel adsorbent for decolorization of aqueous solu
tion of methylene blue. Beetroot extract was selected due to presence of 
its natural antioxidant activity and explored a greener approach towards 
the waste water treatment. The collected pumpkin peels were washed, 
dried in sunlight for 30 days, then in oven dried at 100 ◦C for 18 h, 
finally grinded and sieved. The carbonization treatment was given to the 
peel at various temperature 250, 350, 450 and 550 ◦C for 1 h in muffle 
furnace and prepared material was known to be activated carbon 
namely AC250, AC350, AC450 and AC550 respectively. Then all these 
activated carbon were tested for adsorption capacity of methylene blue. 
It was observed that AC250 found to be most efficient adsorbent than 
other carbonized activated carbon. For further activation, AC250 was 
treated with oxalic acid, nitric acid and citric acid. SEM images of 
beetroot extract activated carbon material showed that adsorbent sur
face contained high pore volume, different sizes of pores and well 
distributed pore structure, which facilitates higher adsorption than acid 
treated activated carbon. FTIR spectra showed that AC250 has varieties 
of functional group than AC350, AC450 and AC550. Adsorption capacity 
enhanced from 147.5 mg/g to 198.15 mg/g by increased in temperature 
30 ◦C–50 ◦C. The temperature dependent adsorption process was found 
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to be endothermic in nature. The author studied in recycling of adsor
bent and it was found that adsorption efficiency reduced from 198.15 
mg/g to 149.12 mg/g after third cycle. Total 12% reduction in adsorp
tion efficiency was observed due to the blockage of micropore on ad
sorbents. Methylene blue adsorption decreased with rise in 
carbonization temperature from 250 ◦C to 550 ◦C (AC250 to AC550) of an 
adsorbent due to sintering effect which destroyed the pore wall. Extent 
of adsorption was found to depend on methylene blue concentration and 
it was observed that increased in methylene blue concentration, the 
adsorption capacity increased. The highest adsorption capacity was 
found 198.15 mg/g at methylene blue concentration 200 mg/l. 

Microwave induced KOH chemical activation for bean peel and 
acron peel was investigated by Ibtissem Kahoul et al. [79] and applied 
for removal of methylene blue dye from aqueous solution. Been peel and 
acron peel were cutted, washed, dried and crushed to fine powder. They 
were carbonized at temperature 623 ◦C and 923 ◦C respectively in oven 
for 1 h. The produced biochar were impregnated with KOH solution in 
the ratio 1:1. The microwave activation to biosorbent were carried out in 
microwave oven with microwave power 800 W, irradiation time 7 min 
with stirring speed 600 rpm. The produced material was further washed 
with 0.1 M HCl and then with water to achieve neutral pH and finally 
dried in oven at 60 ◦C for 12 h. The author investigated thermog
ravimetry and it was observed that, been peel loses its mass in four 
stages while mass of acron peel drops in three stages. The weight loss 
was observed due to release of adsorbent water and decomposition of 
cellulose, hemicelluloses and lignin. Calculated qe value was found in 
good agreement with experimental qe value and higher coefficient value 
proved that adsorption process followed pseudo second order kinetics. 
Bean peel and acron peel showed maximum adsorption capacity 45.45 
mg/g and 17.54 mg/g respectively at pH 9. 

M. F. Abdullah et al. [80] investigated dragon fruit peel as a bio
sorbent for decolorisation of methylene blue aqueous solution. The 
dragon fruit peel extracted pectin was polymerized with acrylic acid to 
produced hydrogel by using gamma and microwave radiation. In the 
first step the dried powder of dragon fruit peel was treated with acid at 
pH 1.5 and 3.5 and stirred the solution for 120 min at 70 ◦C. An iso
propanol solution (85%) was mixed into the pectin solution in the 
proportion of 1:2 and coagulated at room temperature for 24 h. The 
formed precipitate was filtered, centrifuged, rewashed with isopropanol 
and dried it for 24 h at 37 ◦C. In the second step, 1% pectin solution was 
mixed with acrylic acid at different ratio (1:4), (2:3), (3:2), and (4:1) by 
adding 5% N–N’ bisacrylamide for crosslinking. The resultant material 
was stirred for 2 h at room temperature. The solution were taken in Petri 
dish with parafilm covering and exposed to gamma radiation. Similar 
process was performed and additionally 5% sodium persulphate was 
added as initiator and resultant mixture was radiated to microwave 
radiation at different doses. The prepared hydrogel material was used as 
biosorbent for methylene blue removal from aqueous solution. Gamma 
ray radiated hydrogel adsorbent showed 45% of methylene blue 
removal while microwave radiated hydrogel adsorbent showed 35% 
removal of methylene blue from 20 mg/l initial dye concentration at pH 
8. According to adsorption kinetics, the correlation coefficient value by 
pseudo first order model for gamma and microwave radiated hydrogel 
adsorbents were found 0.9979 and 0.9933 respectively which was very 
closer to 1 while by pseudo second order kinetic model the value were 
0.9811 and 0.8667 respectively. The author claimed that adsorption 
kinetics followed pseudo first order kinetic model. 

Priyantha et al. [81] also utilized dragon fruit skin for removal of 
methylene blue and studied effect of different parameters such as pH, 
contact time and initial dye concentration. The dragon fruit skin was 
oven dried at 88 ◦C, blended and sieved to obtained smaller particles. 
The equilibrium was reached within 1 h and initial adsorption was 
occurred very rapidly. The adsorption process was described by using 
three kinetic models such as Lagergren first order, pseudo-second order 
and Weber–Morris intraparticle diffusion order model. It was observed 
that adsorption kinetics followed pseudo second order model which 

indicated the chemisorption nature in which exchange of electrons 
occurred between methylene blue molecule and biosorbent functional 
groups. Langmuir model well fitted with high correlation coefficient 
value 0.972. Maximum adsorption 640 mg/g was observed by dragon 
fruit peel adsorbent. 

Adsorption of methylene blue onto biosorbent prepared from apple 
peel was investigated by I. Enniya and A. Jourani [82]. Dried apple peel 
were grounded, sieved and preserved for adsorption studies. The 
resultant material was characterized by adsorption spectra. The author 
noted that functional groups OH, C––O, C–O and C–O–C were dis
appeared after adsorption of methylene blue. Adsorption is found to be 
optimum between the pH range 3–6. Adsorption process was found to be 
slightly temperature dependent. By increased in temperature from 10 to 
40 ◦C, the adsorption capacity was decreased from 9.08 to 8.56 mg/g. It 
was showed that adsorption process was exothermic in nature. The 
author also studied thermodynamic parameters such as Gibbs free en
ergy (ΔG0), change in enthalpy (ΔH0) and change in entropy (ΔS0). All 
the three factors were showed negative value which indicated that 
adsorption process was spontaneous, feasible and exothermic in nature. 
Furthermore, the data obtained from Langmuir, Freundlich and Temp
kin isotherm model, the adsorption capacity was found to be 107.52 
mg/g showed that Langmuir adsorption isotherm best fitted than other 
isotherm models. 

Durian peel, an fruit peel waste available abundantly was studied as 
low cost adsorbent for removal of methylene blue dye by Nguyen Thi 
Thoung et al. [83]. Only 40% part of fruit is edible while remaining part 
is discarded as a waste. The collected durian peels were extensively 
washed with distilled water to remove any dirt and adhering particles, 
then cutted, dried at 80 ◦C for 48 h and grounded. The powdered ma
terial treated with 0.01 M NaOH, isopropanol and repeatedly washed 
with distilled water to maintained pH 6–7, then oven dried at 80 ◦C for 
12 h and used for fixed bed column adsorption study. Fixed bed column 
adsorption method was studied with three factors such as bed height, 
flow rate and initial concentration of methylene blue dye. For column 
study, a plastic column was used with diameter 2 cm and height 15 cm. 
Specific amount of durian peel powder (3.5g) was packed into the col
umn with average packed density 322 g/cm2. Methylene blue with 
varied concentration was allowed to flow down through the column bed 
during adsorption study. Flow rate changed from 5 to 20 ml/min with 
different bed height 2, 4 and 6 cm. The amount of adsorption was found 
to depend upon initial methylene blue concentration. It was observed 
that with increased in methylene blue concentration from 200 ppm to 
600 ppm, increased in adsorption amount from 196.60 mg/g to 235.80 
mg/g. Adsorption occurred faster by increased in flow rate. The 
adsorption capacity was found 110.96, 196.60 and 201.95 mg/g with 
increased in flow rate 5, 10 and 20 ml/min respectively. The author 
found that, increased in bed height by 2, 4 and 6 cm, the adsorption 
capacity increased to 166.15, 196.60 and 242.09 mg/g respectively. Dye 
molecule diffuse completely on adsorbent surface due to longer break
through time. The author also studied adsorption through batch exper
iment and it was found that initial methylene blue concentration 50, 
100, 200 and 400 ppm showed adsorption capacity 23.84, 43.17, 74.12 
and 102.59 mg/g respectively. Fixed bed column adsorption is found to 
be superior on batch experiments. 

Erny Haslina Abd Latib et al. [84] studied H2O2 treated and 
carbonized durian peel for sequestration of methylene blue dye. The 
activation of durian shell was carried out by physical and chemical 
activation process. Dried powder of durian peel was immersed in 100 ml 
H2O2 solution. Then it was filtered, washed to maintained pH 6–7. Af
terwards, dried overnight at 80 ◦C and then carbonized in tube furnace. 
The sample was characterized using Field Emission Scanning Electron 
Microscopy (FESEM) and elemental analyzer. The percentage of carbon 
in activated biomass was found 62.58%. Effect of adsorbent mass on 
adsorption capacity was compared with treated and untreated durian 
shell. The removal efficiency for untreated shell increased from 62%, 
85% and 86% for adsorbent dose 0.2g, 0.4 g, and 0.6 g respectively 
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while for the same biomass, treated shell showed removal efficiency 
35%, 96% and 95% respectively. The author reported the maximum 
removal efficiency for methylene blue was 99% by using 0.6 M H2O2 
treated durian peel. 

A comparative study on banana peel and orange peel prepared bio
char was carried out by Amin M. T. et al. [85]. The collected material 
was washed, dried, grinded and then pyrolised in a box furnace for 3 h at 
800 ◦C. The biochar material was characterized by using SEM, EDX, and 
FTIR spectra. The biochar produced having particle size less than 75 μm 
was used for adsorption study. The surface area of orange peel and ba
nana peel decreased from 90% to 83% and from 80% to 73% respec
tively by increased in the initial methylene blue concentration 50–150 
mg/l. This was observed due to larger surface area, active functional 
groups and more adsorption sites in orange peel adsorbent as compared 
to banana peel adsorbent. The author studied initial rate of adsorption 
by second order kinetic model and it was observed that, with increased 
in initial concentration from 50 to 150 mg/l adsorption increased from 
12 to 31 mg/g and 10–42 mg/g respectively for banana peel and orange 
peel. Effect of pH and effect of adsorbent dose were investigated through 
batch experiments. Result showed that removal efficiency increased to 
30% for banana peel adsorbent and 15% for orange peel adsorbent by 
changing the pH value 2 to 8 and 2 to 6 respectively. The change in 
adsorbent dose of an orange peel from 0.1 to 0.4 g and banana peel from 
0.1 to 0.5 g, the adsorption capacity increased from 350 to 500 mg/g and 
250–390 mg/g respectively. For adsorption isotherm study, six isotherm 
models were studied such as Langmuir, Freundlich, Tempkin, 
Dubinin-Radushkevich (D-R), Harkin-Jura (H-J) and Hasley model. A 
high correlation coefficient value and closer agreement to the experi
mental values indicated that Langmuir isotherm model is well fitted. The 
adsorption capacity of sorbent banana peel and orange peel increased 
from 390 to 430 mg/g and 476–526 mg/g respectively with increased in 
temperature from 30 ◦C to 60 ◦C. Total 7% increase in removal indicated 
that adsorption was endothermic in nature. Negative value of Gibbs free 
energy suggested the non-spontaneous nature of adsorption of dye on 
adsorbent. 

6. Influence of pHpzc 

Orange peel biochar by acid activation shows MB adsorption 208.3 
mg/g was investigated by Jawad Ali H. et al. [86]. The point of zero 
charge analysis was carried out by authors and found that pHpzc for 
orange peel biochar was 4.80. The point of zero charge for physically 
and chemically modified coffee husk were evaluated at pH 4.35 and pH 
6.95 respectively by T. P. Krishna Murthy and B⋅S.Gowrishankar [87]. 
The maximum methylene blue dye adsorption efficiency achieved at pH 
greater than pHpzc. At alkaline pH, the surface of adsorbent becomes 
negatively charged and creates attractive force to the cations of meth
ylene blue dye. The chemically treated coffee husk adsorbent shows 
higher dye uptake capacity (199.73 mg/g) than physically treated ma
terial (129.43 mg/g) at pH 7.9 and 7.6 respectively. 

Watermelon rinds prepared from biosorbent shows pHpzc at 4.3 [88]. 
Below the pHpzc anion adsorption was more favourable while above the 
pHpzc cation adsorption was more suitable. The ZnCl2 treated edible 
fungus residue studied for influence of point of zero charge by Hongyan 
Li et al. [89]. The evaluated pHpzc value for prepared adsorbent material 
was found at pH 6.93. The pHpzc value was determined through solid 
addition method using pH meter for pomegranate peel by Ali H. Jawad 
et al. [90]. The maximum dye adsorption was found 200 mg/g and pH at 
point of zero charge was 5.4 which indicate acidic surface of biosorbent. 
The adsorption of methylene blue dye was increased up to pH 5 and after 
that no further increase in dye adsorption. At very acidic pH, the amount 
of adsorption was lower due to higher concentration of H+. Syringa 
vulgaris leaves investigated by Giannin Mosoarca et al. [91] got dye 
adsorption capacity 188.2 mg/g at pH > pHpzc (5.77). 

Ramlah Abd Rashid et al. [92] was explored coconut leaves for MB 
dye remediation. The adsorption capacity was 151.5 mg/g with 

adsorbent dose 0.02–0.25 g and pH 3–11. The point of zero charge was 
estimated for adsorbent surface and found at pH 4.2. The carbonized 
coconut leaves on KOH activation was investigated by Ramlah Abd 
Rashid et al. [93]. The authors studied the effect of pH in the range 3–11 
for the amount of dye adsorption. The point of zero charge for prepared 
adsorbent was obtained at pH 4.2. 

7. Comparative study with other adsorbents 

The zeolite activated carbon composite on sodium hydroxide treated 
palm oil was explored for MB dye adsorption by W. A. Khanday et al. 
[94]. The composite was prepared in two steps, the NaOH fusion with 
palm oil was carried out in first step by heating at temperature 800 ◦C for 
90 min. The hydrothermal treatment then processed by mixing material 
with kaoline in the ratio 1:0.2 and heated at 100 ◦C for 8 h in autoclave. 
The prepared composite material was characterized by XRD, scanning 
electron microscopy, BET surface area analysis and FTIR. The larger BET 
surface area 615.406 m2/g with pore diameter 3.048 nm was evaluated 
for composite biosorbent. The adsorption of dye was found temperature 
dependent and increased the amount of adsorption 143.47 mg/g, 199.6 
mg/g and 185.71 mg/g with temperature 30 ◦C, 40 ◦C and 50 ◦C 
respectively. 

Md Azharal Islam et al. [95] utilized sodium hydroxide activated 
rattan hydrochar for MB dye sequestration. The collected mass was 
hydrothermally carbonized to prepare activated carbon. The morpho
logical and textural properties of biosorbent surface was examined. Due 
to carbonization and activation of prepared carbon material, the surface 
area increased to 1135 m2/g with pore size distribution 35.5 A0. Authors 
studied the different adsorption variables such as dye concentration 25 
mg/l, temperature 30 ◦C, contact time 8 h and pH 7 which shows 96% of 
MB removal efficiency. The Langmuir isotherm show the best fitted 
isotherm with maximum adsorption capacity 359 mg/g. 

Karanj fruit hulls activated carbon on KOH activation produced large 
surface area and found efficient biosorbent for methylene blue removal 
reported by Md. Azharul Islam et al. [96]. The author carried out 
detailed study of adsorption isotherm, kinetic modelling, thermody
namic property and adsorption mechanism. The adsorption process such 
as monolayer, multilayer, dye-adsorbent interaction were evaluated by 
studying the langmuir, freundlich and tempkin isotherm model respec
tively. The MB dye uptake capacity through Langmuir isotherm model 
were 154.8 mg/g, 203.4 mg/g and 239.4 mg/g at temperature 30 ◦C, 
40 ◦C and 50 ◦C respectively. The experimental thermodynamic 
parameter value denotes that dye adsorption was favourable at higher 
temperature. The authors carried out the comparative study with apricot 
stones, coffee grounds, peach stone which has lesser dye uptake capacity 
than karanj fruit hull activated carbon. 

F. Marrakchi et al. [97] worked on MB removal by chitosan flakes 
with NaOH treatment. The activated carbon material was prepared from 
chitosan and NaOH with different impregnation ratio such as 1:1, 2:1, 
3:1 and 4:1. The impreganated samples were treated under N2 flow at 
800 ◦C. The available functional groups, pore size, pore diameter, sur
face morphology were studied by using FTIR, BET surface area and SEM 
analysis. The FTIR spectra clearly depicts the presence of –OH, C–H, 
N–H, C–O, C–N functional groups on the surface of sorbent material. Due 
to sodium hydroxide impregnation with applied temperature 800 ◦C, 
there was change in surface chemistry and shifting of peaks at different 
frequencies. The influence of MB initial concentration was evaluated 
with concentration 25–400 mg/l with contact time 60–120 min. The 
authors demonstrated the adsorption mechanism by using Weber- 
Morris and Boyd model. The maximum dye uptake 143.53 mg/g with 
solution pH 11 evaluated by Langmuir adsorption isotherm. 

W A Khanday et al. [98] utilized phosphoric acid treated chitin for 
removal of cephalexin antibiotic having adsorption capacity 245.13 
mg/g. Low rank coal, a waste material converted into activated carbon 
with greater dye removal efficiency was explored for MB dye adsorption 
by Ali H Jawad et al. [99]. Due to KOH activation, the sorbent material 
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increased the surface area from 1.23 m2/g to 1094.3 m2/g. The 
enhancement in surface area was responsible for higher percentage of 
MB dye uptake. The author studied the influence of adsorbent dose, dye 
concentration, contact time and solution pH to investigate the adsorp
tion properties. The maximum removal of MB dye low rank coal 
adsorbent was found 491.7 mg/g. The regression coefficient value (R2) 
for langmuir, freundlich and tempkin model were found 0.99, 0.93 and 
0.97 respectively indicates adsorption system follows langmuir model. 
The author has carried out comparative study with several adsorbent 
and concluded that selantik coal shows more dye adsorption capacity 
than other adsorbents. S N Surip et al. [100] used sulphuric acid acti
vated Merit Kapit Coal for decolorisation of MB dye. The coal material 
was impregnated with H2SO4 and dried in oven at 110 ◦C for 24 h. The 
elemental analysis shows 48.78% C, 22.35% N, 3.26% H and 25.61% O. 
The acid treated coal has low surface area (0.59 m2/g) with pore 
diameter 16.4 nm. Box-Behnken design was used to optimized decol
orisation and COD reduction of methylene blue dye. The optimum ob
tained results were 78.5% decolorisation and 63.3% COD reduction. The 
freundlich model shows best regression coefficient (R2 = 0.99) than 
langmuir model (R2 = 0.87) but maximum dye uptake capacity of 
langmuir (421.1 mg/g) was greater than freundlich model (123.7 
mg/g). 

Merit Kapit coal on activation with KOH used for MB dye seques
tration was investigated by Ali H Jawad [101]. However, change in 
surface area 332.61 m2/g of raw adsorbent to 1100.18 m2/g of KOH 
treated adsorbent material. In the adsorption isotherm study, langmuir 
model shows 200 mg/g MB dye uptake by KOH activated adsorbent. 

8. Conclusion 

The aim this research work is to compile and present the data of 
various low cost adsorbents for removal of methylene blue dye. Many 
researcher modified the adsorbent by various physical and chemical 
treatments and found superior improvement in dye adsorption. Agri
cultural waste and fruit peel waste materials are readily available with 
negligible cost and show greater dye adsorption capacity. The amount of 
adsorption depends on various parameters viz. Dye concentration, 
adsorbent dose, contact time, solution pH and temperature. The 
maximum amount of dye adsorbed at higher quantity of adsorbent dose. 
The adsorbent prepared from agricultural waste shows the same amount 
of dye removal efficiency as like activated carbon. 

Agricultural waste adsorbents found outstanding dye removal effi
ciency and promising result with minimum processing cost is advanta
geous and good alternative as adsorbent in adsorption technology for 
industrial waste water treatment. Many of the low cost adsorbent can be 
recycle and reuse. All the researcher used batch experiments for 
adsorption study therefore again further study and experiments need to 
be performed for larger scale so this can be used in industry for com
mercial level. 
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ABSTRACT: In aquatic ecosystems the flora and fauna interact with 
the biotic and abiotic factors in their habitat. Therefore flora and 
fauna are called biological indicators. Man made reservoirs like Dam 
reflect both terrestrial and aquatic environment as their construction 
involves superimposition of lentic water body on flowing water mass 
on the terrain. Algae constitute the main autotrophic component of 
the aquatic ecosystems. Change in algal community severely affect 
the species diversity. Biodiversity is greater in fresh water than in 
the most affected terrestrial ecosystem. So the present study shows 
biodiversity of Cyanophyceae from Amaravati Dam. Total 35 taxa 
belonging to 15 genera are discussed in present paper. The genera 
viz. Microcystis, Chroococcus, Gloeocapsa, Aphanocapsa, 
Synechococcus, Merismopedia, spirulina, Oscillatoria, Phormidium, 
Lyngbya, Nostoc, Anabaena, Plectonema, Homoethrix and calothrix. 

 
Key words: Taxonomy, Algae, Cyanophyceae, Ecobiodiversity 

 
 

Introduction 
In India the pioneer work was done on Cyanophyceae (Kamat and 
Patel, 1973; Marathe, 1965 ; Nandan and Borse 1996; Mahajan and 
Nandan, 2004). 
The region Dhule district though rich in large number of fresh water 
bodies has so for not been explored as its biotic diversity of algal 
flora. The present investigation is done on Amaravati dam, which is 
the main resource of Shindkheda Taluka of Dhule dirstict for 
drinking and irrigation purpose. In present study three group of 
algae wiz. Cyanophyceae, Chrorophyceae and Bacillaciophyceae 
were studied but present communication deals with taxonomy of 35 
algal taxa of cyanophyceae group only. All blue green algal taxa 
were identified with the help of monograph (Desikachary 1959). 

 
Methodology 
The Amaravati dam is located near the village Malpur, taluka 
Sindkheda in Dhule district (Maharashtra, India). The main sources 
of amaravati dam are Amaravati river, Nai river & Ghusri nala. The 
dam is situated at 70 0 30’ S longitude and 20 0 30’ N latitude. 
The sample were collected in the morning from different habitats of 
station 1st, 2nd, 3rd and preserved in 4% formalin. For identification 
line drawings were made with the help of camera lucida. 

 

Results and Discussion 
During the present investigation following Blue green algae have 
been observed. 

 

1. Microcystis flos-aquae (Wittr.) Kirchner ( PL-1 Fig.1 ) 
Desikachary, 1959, P-94, PI-17, F-11 
Colonies roughly spherical, ellipsoidal, or somewhat elongate or 
often squarish in optical section, not clathrate, with indistinct 
colonial mucilage; cells 4 µm in diameter spherical, with gas 
vacuoles, nannocytes present. 

Habitat:- Amaravati Dam Station-ADS-III, November,2006. 
 

2. Chroococcus tugidus (Kuets) Nag. (PL-1 Fig.2 ) 
Desikachary, 1959, P-101, Pl-26, F-6 
Cells spherical or ellipsoidal single, or in group of mostly 2-4 without 
sheath 30 µm, with sheath 13-25 µm, diameter, rarely 40 µm, 
sheath colourless, not distinctly lamellated. 
Habitat:- Amaravati Dam Station-ADS-I, May,2007. 

 
3. Chroococcus cohaerens (Breb.) Nygaard (PL-1 Fig.3) 
Desikachary, 1959, P-111, Pl-26, F-3 

Thallus slimy, or gelatinous, dark green; cells single or up to 2-8 in 
group without envelope 2 µm diameter, and with sheath 2.5 µm 
diameter, sheath thin, colourless; unlamellated. 
Habitat:- Amaravati Dam Station-ADS-II, July,2007. 

 

4. Gloeocapsa punctata Nag. (PL-1 Fig.4) 
Desikachary, 1959, P-115, Pl-23, F-2 
Thallus gelatinous, light blue-green, cell without sheath 0.7-1.5 µm 
diameter with sheath 4 µm broad blue green, sheath thick, 
clolurless, unlamellted or scarcely lamellated, cells 2-16 in groups or 
colonies about 25 µm diameter. 
Habitat:- Amaravati Dam Station-ADS-II, February, 2007. 

 

5. Gloeocapsa nigrescens Nag. (PL-1 Fig.4) 
Desikachary, 1959, P-117, Pl-24, F-17 
Thallus crustaceous, light blue-green, cell without sheath 3.3 µm 
diameter, with sheath thick, colourless, lamellated , cells 4 in groups 
or colonies about 32 µm diameter. 
Habitat:- Amaravati Dam Station-ADS-II, July, 2007. 

 

6. Gloeocapsa pleurocapsoides Novacek (PL-1 Fig.6) 
Desikachary, 1959, P-118, Pl-24, F-3 

Colony microscopically small, more or less roundish or irregular, dull 
olive green, cells olive coloured or pale blue-green, homogenous, 
granular; cells 5-10 µm in diameter, elongated, closely arranged, 
sheath thin, simple coloured yellowish in the peripheral the part, 2-3 
µm thick and lamellated, 3-4 lamellae. 
Habitat:- Amaravati Dam Station-ADS-I, March, 2007. 

 

7. Gloeocapsa Stegophila var. crassa Rao, C.B. (PL-1 Fig.7) 
Desikachary, 1959, P-119, Pl-25, F-3 
Cells spherical, subspherical or elongated, 14 µ broad commonly 
single or in colonies of 2.4; sometime striated; colony with sheath 
14 broad and 9.6 – 19.2 µm long, sheath up to 3.2 µm thick. 

Habitat:- Amaravati Dam Station-ADS-I, July, 2007. 
 

Plate 1 
 

 
1. Microcystis flos-aquae (Wittr.) Kirchner 
2.Chroococcus turgidus (Kuetz) nag. 

3.Chroococcus cohaerens (Breb.) Nygaard 

4.Gloeocapsa puntata
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5. Gloeocapsa nigrescens Nag. 
6.Gloeocapsa pleurocapsoides Novacek. 
7. Gloeocapsa stegophila var.crassa Rao, C.B. 

 

 
Plate 2 

 

 
8. Gloeocapsa coracina kutz. 

9. Gloeocapsa Samoensis Wille. v. major Wille 

10. Aphanocapsa grevillei (Hass.) Rabenh. 

11. Synechocccu aeruginousus Nag. 

 

 

8. Gloeocapsa coracina kutz. C.B. ( PL-2 Fig.8) 
Desikachary, 1959, P-121, Pl-24, F-11 
Thallus crustaceous, lubricous, cells single, round small, with sheath 
7.3 µm and without sheath about 4 µm broad, single or in group of 
28 µm diameter laterally uniting; distinctly lamellated, contents 
homogeneous, blue-green. 
Habitat:- Amaravati Dam Station-ADS-III, March, 2007. 

 

9. Gloeocapsa Samoensis Wille. v. major Wille (PL-2 Fig.9) 
Desikachary, 1959, P-128, Pl-23, F-6 

Cells without envelop 5 µm broad and 10 µm long on the inner walls 
of a well, sheath hyaline. 
Habitat:- Amaravati Dam Station-ADS-I, August, 2007. 

 

10. Aphanocapsa grevillei (Hass.) Rabenh. (PL-2 Fig.10) 
Desikachary, 1959, P-134, Pl-21, F-9 
Thallus gelatinous, spherical or hemispherical, light blue green; cells 
spherical, 3.3. diameter. Contents finely granular, blue-green, 
closely arranged in a homogeneous mucilage; individual envelopes 
not distinct. 
Habitat:- Amaravati Dam Station-ADS-II, November,2006. 

 

11. Synechocccu aeruginousus Nag. (PL-2 Fig.11) 
Desikachary, 1959, P-143, Pl-25, F-6,12 
Cells cylindrical, 15 µm broad up to 30 µm long, single, pale blue 
green. 
Habitat:- Amaravati Dam Station-ADS-I, February,2007. 

Plate 3 
 

 
12. Merismopedia punctata Meyen 

13. Merismopedia glauca (Ehrenb.) Nag. 

14. Spirulina meneghiniana Zanard. ex. Gomont 
15. Oscillatoria subbrevis Schmidle 

16. Oscillatoria subtilssima Kutz. 

17. Oscillatoria corallinae (Kutz.) Gomont 

18. Oscillatoria tenuis Ag. ex. Gomont 

 
Plate 4 

 

 
 

20. Oscillatoria formosa Bory ex. Gomont 
21. Oscillatoria splendida Grev. ex. Gomont 

22. Oscillatoria acuminata Gomont 

23. Phormidium angustissimum W.et.G.S. West. 

24. Phormidium autumnale (Ag.) Gomont. 

25. Lyngbya mesotricha Skuja. 

 
 

12. Merismopedia punctata Meyen ( PL-3 Fig.12) 
Desikachary, 1959, P-155, Pl-29, F-6 
Colonies small, 16 cells, about 60 µm broad; cells not closely 
packed, spherical or avoid, 2.7 µm broad, pale blue green. Plankton 
found in stagnant and flowing water and among other algae. 
Habitat:- Amaravati Dam Station-ADS-II, Deceber,2006. 

 

13. Merismopedia glauca (Ehrenb.) Nag. (PL-3 Fig.13) 
Desikachary, 1959, P-155, Pl-29, F-5 
Colonies Mostly small with 32 cells, Cells oval or spherical, closely 
arranged, 3.3. µm broad, pale blue green. In plankton in standing 
water and among algae, in irrigation channels. 
Habitat:- Amaravati Dam Station-ADS-III, May,2007. 

 

14. Spirulina meneghiniana Zanard. ex. Gomont (PL-3 
Fig.14) 
Desikachary, 1959, P-195, Pl-36, F-8 
Trichome 1.9 µm broad, flexible irregularlyspirally coiled, bright blue-
green, forming a thick blue-green thallus, spiral 3.2-5 broad and 3.5 
µm distant from each other. 
Habitat:- Amaravati Dam Station-ADS-III, August,2007. 

 

15. Oscillatoria subbrevis Schmidle (PL-3 Fig.15) 

http://www.ijrti.org/
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not attenuated not constricted at the cross-wall, cross walls marked 
with one or two larger granules on either side; cells 1-2 time longer 
than broad, 4-8 µm long, content pale blue-green; homogeneous; 
apical cell rounded conical. 
Habitat:- Amaravati Dam Station-ADS- II, December,2007. 

 

26. Nostoc ellipsosporum (Desm.) Rabenh. ex.Flah. ( PL-5 
Fig.26) 
Desikachary, 1959, P-383, Pl.69, F. 5 
Thallus gelatinous, irregularly expanded, attached by the lower 
surface, radish brown, filaments flexuous; loosely entangled; 
trichome about 4 µm broad, light blue-green, cells cylindrical 6-14 
µm long; heterocysts subspherical, or o b long, 6-7 µm long; spore 
ellipsoidal to ablong cylindrical, 6-8 µm broad, 14-19 long, epispore 
smooth, hyaline. 
Habitat:- Amaravati Dam Station-ADS- II, September,2007. 

 

27. Nostoc muscorum Ag.ex Bron et Flah. (PL-5 Fig.27) 
Desikachary, 1959, P-385, Pl.70, F. 2 
Thallus gelatinous – membranous, irregularly expanded, attached by 
the lower surface, tuberculate, dull olive or brown, 2-5 cm diameter; 
filaments densely entangled; sheath disrinct only at the periphery of 
the thallus, yellowish brown trichome 3-4 µm broad; cells short 
barrel-spaped to cylindrical, up to twice as long as broad; 
heterocysts nearly spherical, 6-7 µm broad; spores oblong, many in 
series, 4-8 µm broad, 8-12 µm long. 
Habitat:- Amaravati Dam Station-ADS- III, November,2006. 

 

28. Nostoc piscinale Kuetzing ex Born. et Flah. (PL-5 
Fig.28) 
Desikachary, 1959, P-377, Pl.69, F. 3 
Filaments flexuous, loosely entangled; sheath distinct at the 
periphery of the thallus, trichome 3-7 µm broad; cells shorter or 
longer than broad up to nearly twice as long as broad; heterocysts 
subspherical, 4.5-6 µm broad; spore globose, 6-7 µm broad, in long 
chains. 
Habitat:- Amaravati Dam Station-ADS- I, November,2006. 

 

29. Anabaena orientalis Dixit (PL-5 Fig.29) 
Desikachary, 1959, P-405, Pl.77, F. 6 
Thrichome single, straight or slightly curved, 2.5-4 µm broad cells 
quadrate or cylindrical, rarely slightly barrel shaped, upto twice as 
long as broad, 3.7-4.8 µm long, end-cell conical with rounded apex; 
heterocysts single, intercalary, cylindrical or slightly ellipsoidal with 
rounded end walls, 4.8-5.5 µm broad, and 7.4-9.2 µm long; spore 
one on each side of a heterocyst, ellipsoidal, 7.4-9.2 µm broad and 
14.8 – 16.6 µm long. 
Habitat:- Amaravati Dam Station-ADS- I, August,2007. 

 

30. Anabaena ballyganglii Banerji. (PL-5 Fig.30) 
Desikachary, 1959, P-409, Pl.77, F. 4 

Thrichome fragile, circinate, never straight, forming a thin pale blue 
green stratum over the surface of a small water pond, cells 
compressed, spherical as long as broad or slightly shorter or longer 
than the diameter, 7-8.5 µm broad and 6.5-13.5 µm long, content 
franular, heterocyst some what spherical with homogenous 
contents, single or in pairs; hetrocyst 7.5-10 µm broad and 7.5-11 
µm long; spore single; ellipsoidal, younger ones somewhat spherical 
remote from the heterocyst, wall of the spore thick, smooth 
colourless content granular. 
Habitat:- Amaravati Dam Station-ADS- II, February,2007 

 

31. Anabaena doliolum Bharadwaja (PL-5 Fig.31) 
Desikachary, 1959, P-410, Pl.78, F. 3 
Plant mass mucilagenious, pale blue green; trichome single, free 
swimming, straight, curved or slightly coiled, 3.6-4.2 µm broad, 
slightly tapering at the ends, with conical apical cell, possessing 
almost pointed apex; cells barrel-shaped as long as broad or a little 
longer or shorter than broad; hetro cyst barrel shaped, 5.2-6.3 µm 

broad and 6.3-9.4 µm long; spore ellipsoidal with almost pointed 
apices in short or long chain, adjoining the heterocyst but developed 
centrifugally, epispore thick, smooth and hyaline or yellow-brown, 
4.2-6.2 µm broad and 6.3-11.5 µm long. 
Habitat:- Amaravati Dam Station-ADS- III, May,2007 

 

32. Anabaena circinalis Rebenhorst ex Born. et Flah. (PL-6 
Fig.31) 
Desikachary, 1959, P-414, Pl.77, F.2 
Thallus forthy, floating, trichome mostly circinate, seldom straight, 
mostly without a sheath, 8-14 µm broad. Cells barrel shaped or 
spherical, somewhat shorter than broad, with gas-vacuole; 
heterocyst subspherical, 8-10 µm broad; spore cylindrical sometime 
curved, end rounded, 16-18 µm broad, ordinarily away from the 
heterocyst, epispore smooth and colourless. 
Habitat:- Amaravati Dam Station-ADS- III, July,2007 
Family:- Scytonemataceae. 

 

33. Plectonema notatum Schmidel (PL-6 Fig.33) 
Desikachary, 1959, P-440, Pl.83, F.5 
Filaments variously bent, not forming any distinct thallus, 1.7-2 µm 
broad; false branching sparse, single or geminate; sheath thin, 
colourless; cells cylindrical, 2-3 time as long as broad; with two 
granule at the cross-walls not constricted, plae blue-green, end cell 
rounded. 
Habitat:- Amaravati Dam Station-ADS- II, July,2007 
Family:- Rivulariaceae. 

 

34. Homoeothrix juliana ( Menegh.) Krichn. (PL-6 Fig.34) 
Desikachary, 1959, P-519, Pl.107, F.7 

Filaments single or many together forming a olive coloured thallus, 
when dried amethyst coloured erect, rigid, unbrached, 10-15 µm 
broad, up to 2 mm long, thickened at the base sheath thin close to 
the trichome, colourless, not lamellated; trichome 9-12.5 µm broad, 
produced into a long hair and fragile; cells discoid harmogones 4-5 
time as long as broad 30-60 µm long. 
Habitat:- Amaravati Dam Station-ADS- III, August,2007 

 

35. Calothrix thermalis (Schwabe) Hansg. (PL-6 Fig.34) 
Desikachary, 1959, P-533, Pl.114, F.10 
Thallus expanded mucilaginous, soft blue-green or olive green, 
filaments intricate, flexuous, up to 3 mm long, densely arranged, 8- 
10 µm broad, swollen at the base, sheath thick, homogenous 
hyaline or yellowish at the base; unlamellated; cells 5-8 µm broad, 
1/3 to as long as broad seldom longer, blue-green. 
Habitat:- Amaravati Dam Station-ADS- III, May,2007 
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The Present paper deals with the characterization of biologically 

synthesisednanoparticlesfor fabrication of Thick films.Nanoparticles over bulk equivalents have 

found wide application in number of fields including, optics, electronics, sensor technology etc. Of 

the various methods, chemical ones are expensive and use toxic chemicals for synthesis of 

nanoparticles that result in  environmental pollution. .“Green Synthesis “ of nanoparticle 

production has found a sound  solution for this .Microbes like bacteria , fungi, diatoms 

,actinomycetes  and cells of higher plants serve as Living Machines to generate nanoparticles. 

Through their metabolic pathways, they reduce salts in to nanoparticles .Present work deals with 

synthesis of nanoparticles using simple cost effective eco-friendly microbial enzymes. The 

nanoparticles synthesised were characterised by XRD, S EM, EDS, Spectrophotometric analysis 

etc. Attempts were made to fabricate thick films. 

Keywords; Thick films, Nanoparticles, Biogenic, Enzym 
 

Introduction: 

 Today Nano science is most 

fascinating field of technology. Metal 

nanoparticles are different from those of bulk 

materials made from same atom. Because of 

their size nanoparticles exhibit larger surface 

area than micro sized material and hence fore 

possess improved physical and chemical 

properties bearing unique optical, electronic, 

mechanical and magnetic characteristics, 

different from bulk materials and find 

applications in catalysis, photonics and 

electronics e.g. silver nanoparticles possess 

diverse properties and uses like magnetic and 

optical polarizability, electrical conductivity 

catalysis, surface enhanced Raman scattering. 

 Recently higher integrated density of 

electronic components (small size and 

precision of electronic components) greatly 

demands thin conductive films and reduction 

in printed circuits. Films made from 

nanoparticles reduce dimensions of PCBs. 

Secondly large surface area makes material 

more chemically reactive affecting their 

strength and electrical properties. Quantum 

effects begin to dominate behaviour of matter 

at Nano scale at lower end and affect optical, 

electrical, magnetic behaviour of materials. 

When a nanoparticle is much smaller than the 

wavelength of light, coherent oscillation of the 

conduction band electrons are induced by 

interaction with an electromagnetic field. This 

resonance is referred as surface 

Plasmonwithin resonance. The surface 

Plasmon resonance charge, its own dielectric 

constant and environment includes substrate, 

sorbates and solvents. High sensitivity of 

surface Plasmon resonance of noble metal 

nanoparticles in response to adsorbate 

induced changes in dielectric constant of 

environment is used in chemo sensing and bio 

sensing. Advent of nanotechnology has 

introduced diverse methods for generation of 

Nanoparticles, physiochemical methods for 

synthesis of nanoparticles are proved to be 

undesirable due to expensiveness, toxicity and 

hazardous properties which cause threatening 

environmental risks. Whereasbiologically 

synthesized nanoparticles are inexpensive 

and find applicability in enviro-friendly 

sustainable biomimetic approaches. 

Battery of all these femes of 

nanoparticles attracted the researcher for 

production of nanoparticle coated films to 

make the process more enviro-friendly. 

Present investigation was undertaken to 

synthesise biogenic nanoparticles using 

microbial enzymes .Synthesised nanoparticles 

were characterised by techniques like UV-

Visible spectroscopy, XRD, EDS, SEM etc. 

http://www.ijaar.co.in/
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Attempts were made to prepare thick films for 

gas sensing application. 

Materials and Methods:  

1. All the chemicals required for biosynthesis 

were purchased from S.D. Fine chemicals 

and Qualigen Fine chemicals. The glass 

wares all used wereeither chemically clean 

and/or sterilized in hot air oven wherever 

necessary. 

2. Cultivation of bacterial culture: Bacterial 

culture Bacillus spp. was inoculated in 

small250 ml conical flask containing 

sterile Nutrient Broth and incubated on 

rotary shaker at 120 rpm for 24 hours 

.After24 hours culture was centrifuged at 

5000rpm for 10 min to separate bacteria. 

3. Biofabrication of copper oxide 

nanoparticle: the supernatant obtained 

was added in equal volume with 1mM 

copper acetate Solution. The pH of 

mixture was maintained to neutrality 

.Detection of copper oxide nanoparticles 

was carried out in reaction mixture by 

observing color change , optical density at 

various time intervals using UV –VIS 

Spectrophotometer. The solution was 

stored in dark for 24-48 hours at room 

temperature so as to settle nanoparticles. 

The reaction mixture was centrifuged at 

10000 rpm for 10 min. The supernatant 

was discarded and suspension was 

concentrated by repeated centrifugation. 

It was freeze dried and used for further 

analysis. Suitable controls 

weremaintained throughout the 

experiment. 

4. Characterization method: UV-VIS 

Spectrophotometer, XRD, SEM, 

EDSanalysis. 

5.  Thick Films of biogenic copper oxide 

nanoparticles were prepared by Screen 

Printing technique. 

Characterization of Nanoparticles  

UV –VIS Spectrophotometer analysis: 

Biosynthesis of CuO  nanoparticle was 

detected by UV- VIS Spectrum at different 

time intervals using distilled water as a 

blank. 

XRD analysis: The CuO nanoparticles 

obtained were purified by repeated washing 

and centrifugation at 10000 rpm for 10 min 

and subsequent freeze drying. These 

nanoparticles were characterised by XRD. 

Fig.1 Shows XED pattern of CuO 

nanoparticles. The nature of these 

nanoparticles can be deducted from XRD 

pattern obtained. The peaks of X-ray 

diffraction are broad at their bottom 

indicating that they are of Nano size. Thus 

the confirmation of Biosynthesis of 

nanoparticle was proved by XRD analysis of 

freeze dried CuO nanoparticles generated in 

this work. 

SEM analysis: SEM analysis was carried out 

for morphological characterization of 

nanoparticles synthesised. The freeze dried 

powder was put in to the sample well and 

dried in mercury lamp. To analyse an electron 

beam was focussed into a fine probe that was 

subsequently scanned over small sample area. 

The interacting beam with sample generated 

various signals. 

EDS analysis: Energy Dispersive 

Spectroscopic analysis indicates the presence 

of Copper element. For EDS analysis sample 

subjected to SEM analysis was used. The 

SEM instrument was equipped with thermos 

EDS attachment. 

Results and Discussion   

               Culture supernatant of Bacillus 

specieswas used for biogenesis of CuO 

nanoparticles.  Biosynthesis was indicated by 

browning of reaction mixture that could be 

visually inspected. Visual inspection of 

nanoparticle synthesis was confirmed by UV-

VIS spectrum analysis.The XRD spectrum 

pattern of freeze dried CuO particles was 

found to show broadening of different peaks at 

the base confirming the Nano size of particles. 

 

 
 

Fig.1 XRD pattern of CuO Nanoparticles synthesised by Bacillus spp. 
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EDS analysis supported the elemental confirmation of particles showing peak in copper region 

 
 

Fig.2 EDS analysis shows peak in copper region confirming presence of elemental 

copper. 
 

SEM: The Scanning Electron microscopy was 

conducted to study morphological features of 

CuO  nanoparticles. The images are shown in 

figure 3a and 3b respectively. Images indicate 

that the morphology of iron nanoparticle is 

roughly spherical. Also the nanoparticles are 

covered by biomolecules which indicated in 

the image thatlarge organic biomolecules are 

seen attached to small copper nanoparticles 

(Figure3) 

 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.3 SEM images of sample showing morphology of copper nanoparticles. 
 

Conclusion  

                Present studyhas developed simple, 

green and eco-friendly biogenic fabrication of 

copper oxide nanoparticle by Bacillus 

spp.Extracellular synthesis of nanoparticles 

byBacillus spp.was confirmed in terms of 

colour change by visual observation. The 

nanoparticles synthesised were characterised 

by UV-VIS spectrophotometer. The XRD 

pattern revealed that particles were of Nano 

size. EDS analysis confirmed elemental 

nature of nanoparticle especially in copper 

region. SEM micrograph showed 

morphologyof nanoparticle. Successful 

attempts were made to fabricate thick films 

using biogenic copper oxide nanoparticles by 

screen printing technique.   The present 

method of synthesis of copper oxide 

nanoparticle is free from toxic chemicals and 

hence enviro-friendly. It is simple 

economically feasible and willfind wide 

potential for future application in various 

fields. 

References: 

1. Sensors and transducers – Dr. R.Y. Borase 



IJAAR    Vol.4 No.24        ISSN – 2347-7075 

Seema V. Gharate, Chandrakant L. Sasle                                                                                       111                                                                                                                    

2. Handbook of thick film technique – P.J. 

Holmels & R.G. Loasby 

3. Thick film screen printing solid state 

technique – Austin  

4. Ahmed, P. Mukherjee, S. Senapati et al., 

“Extracellular biosynthesis of silver 

nanoparticles using the fungus 

Fusariumoxysporum, ” colloids and 

surfaces B, vol.28, no.4 pp. 313-318,2003. 

5. M. gericke and A. Pinches, “Biological 

synthesis of metal nanoparticles”  

Hydrometalurgy, vol.83, no. 1-4, pp. 132-

140, 2006. 

6. P. Mohanpuria, N.K. Rana, and S.K. 

Yadav, “ Biosynthesis of nanoparticles: 

technological concepts and future 

applications,” Journal of nanoparticle 

research, vol.10, no.3,  pp. 507-517, 200. 

7. M. gericke and A. Pinches, “Biological 

synthesis of metal nanoparticles” 

Hydrometallurgy, vol.83, no. 1-4, pp. 132-

140, 2006. 

8. P. Mohanpuria, N.K. Rana, and S.K. 

Yadav, “Biosynthesis of nanoparticles: 

technological concepts and future 

applications,” Journal of nanoparticle 

research, vol.10, no.3, pp. 507-517, 2008. 

9. Ritu shah ,goldie oza ,Sunil 

Pandey,Madhuri sheron,J. Microbial 

.Biotech.Res,2012, 2 (4); 485-492 

10. Seema Garg, International Journal of 

Innovations in biological and chemical 

sciences, Vol, 3-5-10-2012. 

11. Sangeetha. N. Sarvanan.K. Journal of 

nanoscience and 

nanoitechnology.Vol.2/Issue1/Pp99-102 

(Feb 2014). 

12. Pooja Bansal ,Joginder  Singh Duhan , 

Suresh Kumar Gahlawat   African J. of 

Biotechnol,Vol13 (28)July 2014 2778-2785. 

13. Kaido Tammeveski.  Main Research 

Developments in the chair of Collide and 

Environmental Chemistry.(2007-2012) 

14. A.K.Suresh, Metallic Nanocrystallites and 

their interaction with microbial systems 

,Spriger Briefs in Biometals,DOI; 

10,1007/9768-94-007-4231-4-2.(2012). 

 









640

© 2023 Indian Journal of Medical Research, published by Wolters Kluwer - Medknow for Director-General, Indian Council of Medical Research

Polyalanine polymorphism in the signal peptide of Glutathione 
peroxidase 1 (GPX1) gene & its association with osteoporosis

Soni Ghumnani Ahuja1, Arjun Shahu1, Subrata Rath2, Neeraj Adkar3, Yogesh Shouche4, Saroj Ghaskadbi1 & 
Richa Ashma1

1Department of Zoology, Savitribai Phule Pune University, 2Division of Statistical Quality Control and Operations 
Research, Indian Statistical Institute, 3SaiShree Hospital & Joint Replacement Center & 4National Centre for 
Microbial Resource, Microbial Culture Collection, National Centre for Cell Science, Pune, Maharashtra, India

Received January 28, 2020

Background & objectives: Osteoporosis is a systemic skeletal disease, characterized by a low bone mass 
leading to increased bone fragility and hence, a greater susceptibility to the risk of fracture. Since 
age-related oxidative stress is one of the factors that has been implicated in developing low bone mineral 
density (BMD), leading to osteoporosis, this study wanted to explore the expression of antioxidant 
enzymes in individuals with osteoporosis. The present study focused on mapping polymorphism in an 
important antioxidant enzyme glutathione peroxidase 1 (GPx1) among osteoporosis and healthy Asian 
Indians.

Methods: Dual-energy X-ray absorptiometry was used to assess BMD of individuals and was classified 
into normal (n=96) and osteoporotic (n=88) groups. Biochemical parameters such as vitamin D, total 
oxidant status (TOS), and GPx1 enzyme activity were estimated from plasma samples of recruited 
individuals. Quantitative real-time qRT-PCR was carried out using GAPDH as an endogenous control. 
Genomic DNA was isolated from whole blood, and polymorphisms were evaluated by sequencing.

Results: The BMD was lower in osteoporotic individuals, and further analysis of biochemical parameters 
indicated significantly low 25-hydroxy vitamin D and GPx1 with higher TOS levels in osteoporotic 
as compared to healthy individuals. Furthermore, qRT-PCR revealed low expression of GPX1 in 
osteoporotic individuals. GPX1 sequence analysis of the promoter and two exons revealed the lower 
frequency of five alanine repeats in the osteoporotic individuals. 
Interpretation & conclusions: In this study, the in silico analysis revealed the lower frequency of five 
alanine repeats in exon 1 of GPX1 and high TOS to be associated with osteoporosis. However, no 
polymorphism was found in exon 2 of GPX1 among the two study groups.

Key words �Glutathione peroxidase 1 - osteoporosis - oxidative stress - polyalanine repeat - SNP - total oxidative stress
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Osteoporosis is a multifactorial, systemic skeletal 
disease, characterised by deterioration of bone tissue 
and low bone mass with a consequent increase in bone 

fragility and susceptibility to fracture. It is associated 
with an increase in bone resorption by osteoclasts, a 
decrease in bone formation by osteoblasts1 and an 
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increase in oxidative stress (OS) within osteoblasts2. 
More than 61 million Indians have been estimated 
to have osteoporosis, out of which 80 per cent are 
reportedly females3. Studies have also reported that 
older men and women with osteoporosis have lower 
plasma antioxidants and reduced bone mineral density 
(BMD)4. Decreased levels of antioxidants are known 
to elevate the level of reactive oxygen species (ROS) 
within osteoclasts which may further lead to bone 
resorption5,6.

Cellular OS refers to the excess production of 
free radicals compared to the antioxidant capacity 
of the cell7. The impairment caused by an increased 
concentration of ROS damages macromolecules such 
as proteins, lipids and DNA. In addition, it constitutes 
a stress signal that activates specific redox-sensitive 
signalling pathways which potentially have protective 
functions7. Evidence suggests that OS is responsible 
for the pathophysiology of ageing8 and may participate 
in the pathogenesis of diabetes9, atherosclerosis10, 
cancer11 and osteoporosis12. It has been demonstrated 
that free radicals modulate the differentiation of 
osteoblasts13 and intervene in bone resorption, thereby 
promoting osteoclastic differentiation in such a manner 
that bone resorption increases with OS14,15. One of 
the key enzymes of the antioxidant defence of a cell 
is glutathione peroxidase 1 (GPx1) encoded by GPX1 
(Gene ID: 2876), located on the p arm of chromosome 3.

GPx1, a soluble selenoprotein (located  
in mitochondria) is one of the most abundant 
antioxidant enzymes found in humans. It is ubiquitously 
expressed in many tissues where it protects cells from 
OS16. This enzyme uses reduced glutathione as an 
essential co-substrate and reduces hydrogen peroxide 
(H

2
O

2
)

 
and organic hydroperoxide to water (H

2
O) and 

corresponding alcohols16. The GPX1 coding for this 
enzyme has two exons which together code for 203 
amino acids. Two polymorphisms in this gene have 
been associated with osteoporosis17. One of these is 
a GCG repeat polymorphism in exon 1 coding for 
five to seven alanine repeats, a part of signal peptide 
present from positions 7th to 13th nucleotide17. The 
second exon consists of CCC/CTC polymorphism 
coding for proline/leucine at 198th position17. Variation 
in the number of polyalanine repeats has been reported 
in Slovenian osteoporotic individuals17. In the same 
population, polyAla and Pro198Leu polymorphisms, 
individually and in combination, were found to be 
associated with BMD and therefore are proposed as 
useful genetic markers for osteoporosis17. The present 

study focused on the association of polymorphisms 
present in the antioxidant gene GPX1 with osteoporosis 
in the Asian Indian population. Genetic variants in the 
promoter and the two exons of this gene were screened 
by  sequencing. Furthermore, transcript levels of GPx1 
were evaluated in healthy and osteoporotic individuals. 
The association between biochemical parameters 
(total oxidant status [TOS], 25-hydroxy vitamin D 
and GPx1) and GPX1 polymorphism among healthy 
and osteoporotic groups was also investigated. 

Material & Methods

This study was conducted over a period of two 
years in Pune district of Maharashtra, India, after 
approval by the Institutes Human Ethics Committee of 
Saishree Hospital, Pune, which follows the guidelines 
of the Indian Council of Medical Research. A written 
consent was obtained from all the participants.

Study design: A priori power analysis was carried out 
for two-tailed t test using G*Power 3.1.9.2 software, 
(Heinrich Heine University, Düsseldorf,  Germany) 
with the α-error set at 0.05 (statistical power of 95%), 
to have large effect size (Ρ=0.50). The total sample size 
(n) was calculated to be 42 with the allocation ratio 
N2/N1. Both males and females were recruited for this 
study and belonged to the age group of 45-75 yr. 

Inclusion and exclusion criteria: Before inclusion 
of the individuals in the study, a stringent exclusion 
criterion was followed. Individuals visiting multi-
speciality Saishree Hospital, Aundh, Pune, as 
outpatients willing to participate in this study were 
asked to fill a questionnaire-based history form. 
Individuals having secondary osteoporosis or any 
major OS-related diseases such as cardiovascular 
disease, diabetes mellitus, hyper/hypotension, thyroid 
deficiency, bone-related diseases such as rheumatoid 
arthritis, bone fracture were excluded from the study. 
Personal and family medical histories were also 
obtained with relevant clinical details such as age, 
gender, body mass index, ethnicity, physical activity, 
medications and food habits (such as dietary calcium 
intake). Individuals with a daily non-vegetarian diet, 
smokers, alcoholics and those on steroid intake were 
excluded from the study. 

Bone mineral density (BMD) estimation:  The BMD 
was measured from the proximal femoral neck or spine 
in both study groups using a bone mineral densitometer 
known as dual-energy X-ray absorptiometry 
(QDR 4500 C, Hologic, Inc., Bedford, MA, USA). 
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Hologic’s system automatically calibrates by using 
internal reference standards and scans the spine 
phantom to confirm system stability and performance 
and gives maximum accuracy and precision. Assuming 
a normal distribution of T-scores using estimated 
BMD, unrelated participants were classified as 
healthy group (n = 96) with T score > −1.1 standard 
deviations, or osteoporotic group (n=88) with a T score 
≤ −2.5 standard deviation.

Biochemical estimation: Peripheral blood 
(5 ml) was collected in vials containing EDTA 
(ethylenediaminetetraacetic acid) or sodium heparin 
sulphate as an anticoagulant. Plasma was separated 
from the peripheral blood centrifuged within 2 h 
of collection and the plasma aliquots were frozen at 
–80°C until use. 

Vitamin D levels were estimated using the COBAS 
e411 instrument (Roche Diagnostics, Germany) 
at Genesys Laboratories, Pune, India, following 
Electro-Chemi Luminescence ImmunoAssay method18. 
The reference range of vitamin D used for healthy 
individuals was 20-50 ng/ml. TOS estimation was carried 
out using Erel’s assay18 and the results were expressed 
as μmol H

2
O

2
/L (Merck Millipore, India). GPx1 

enzyme levels were estimated using the Glutathione 
Peroxidase Activity Colorimetric Assay Kit 
(Cayman Chemicals, USA) as per the manufacturer’s 
instructions. The reference range of GPx1 enzyme 
activity was 5.3-11.5 µmole NADPH oxidised /min/g of 
Hb19.

RNA extraction and cDNA synthesis: Peripheral blood 
mononuclear cells (PBMCs) were isolated from 5 ml 
blood using Histopaque (Sigma-Aldrich, USA), which 
facilitates the recovery of a large number of viable 
mononuclear cells by density gradient centrifugation. 
Isolated PBMCs were washed twice with ice-cold 
phosphate-buffered saline and then frozen in TRIzol 
(Invitrogen, Massachusetts, USA) within 3 h of 
phlebotomy. Total RNA was isolated from the PBMCs 
of both the study groups according to the protocol 
developed by Chomczynski20. Isolated RNA was then 
quantified using a NanoDrop 1000 spectrophotometer 
(BioSpec-nanodrop, USA). Complementary DNA 
(cDNA) was synthesised by reverse transcription from 
total RNA (1 μg) with a Verso cDNA Synthesis Kit 
(Thermo Scientific, USA).

Quantitative real-time (qRT) PCR: The qRT-PCR was 
performed (Applied Biosystems, USA) in triplicate 

using cDNA and gene-specific primers for GPX1 
and glyceraldehyde-6-phosphate dehydrogenase 
(GAPDH) was used as a reference endogenous 
control. Primer sequences for GPX1 were as follows: 
forward (5′-CAGTCGGTGTATGCCTTCTCG-3′) 
and reverse (5′-GAGGGACGCCACATTCTCG-3′) 
and GAPDH were as follows: forward 
(5’-GAAGGTGAAGGTCGGAGTCAAC-3’) and 
reverse (5’-CAGAGTTAAAAGCAGCCCTGGT-3’). 
PCR reaction was set using 50 ng cDNA, 10 μl 
SyBr® Green Premix Ex Taq™ II (Tli RNaseH Plus) 
(Clonetech, Japan) and 10 pmol each of forward 
and reverse primers in 20 µl reaction volume. For 
amplification of both genes, the following cycle was 
used: denaturation at 95°C for 30 sec, annealing at 
58°C for 30 sec and extension at 60°C for 1 min. Forty 
cycles of amplification were performed. ΔΔCt-based 
fold-change calculations were carried out from raw 
threshold cycle data.

DNA extraction and sequencing: Genomic DNA was 
extracted directly from blood samples (700 ml) by 
standard procedures of phenol–chloroform extraction 
and ethanol precipitation21. DNA samples were used 
for PCR-based sequencing for which primers were 
designed using Primer3 (version 0.4.0)22. The first 
primer was designed for a part of a promoter sequence 
(-365 bps) and exon 1 (136 bps) and the second primer 
for exon 2 (545 bps) of GPX1. Primer sequences for 
the promoter and exon 1 were as follows: forward 
(5′-GCCAAACCCCACATCCTAACTCAG-3′) and 
reverse (5′-CCACATTCTCGATAAGTAGTACCT-3′) 
and those for exon 2 are as follows: forward 
(5′-CGTTTCTCTCCTCCTCTTGAC-3′) and reverse 
(5′-CATCTCGAGGTGGTATTTTCTGTAAG-3′). 
GAPDH was used as endogenous control12. Aligned 
DNA sequences were converted to amino acid 
sequences using six frames of references and the one 
matching the amino acid sequence of GPx1 protein from 
the database was selected. Amino acid sequences were 
aligned for osteoporotic and healthy individuals using 
ClustalW algorithm (BioEdit software version 7.0, 
Informer Technologies Inc., Los Angelas. CA, USA). 

In-silico analysis: The polyalanine repeat found in 
GPx1 is a part of the signal peptide, which is cleaved 
before it is translocated to mitochondria. To check 
whether variation in the polyalanine repeat number had 
any effect on signal peptide cleavage, in silico analysis 
was carried out using Signal P 4.1 servers (http://www.
cbs.dtu.dk/services/SignalP). The first 40 amino acids 
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in our amplicons were compared with the reference 
amino acid sequence from UniProt (GPX1 ID: P07203) 
in osteoporotic and healthy individuals.

Statistical analysis:  Mann-Whitney U test was 
performed for the biochemical parameters that were 
not normally distributed and a two-sample t test 
was carried out for biochemical parameters found 
to be normally distributed in the study groups using 
Minitab® 17.1.0 software, Pennsylvania USA. Pairwise 
correlation coefficient test between the biochemical 
parameters was performed to check the correlation 
between GPx1 enzyme activity, 25-hydroxy vitamin 
D, TOS and BMD among healthy and osteoporotic 
groups. Since individuals of two groups belonged to 
a common geographical area, the effects of admixture 
and mixed ancestry on the allele frequencies could 
not be ruled out, and hence for inferring population 
structure, STRUCTURE programme version 2.323 was 
employed, keeping 10000 burn-in periods and 10000 
repetitions. The chromatogram quality of sequence 
obtained and trace score of the sequences was 
confirmed using ABI Seq Scanner (ver. 2.0) software 
(Applied Biosystems, USA). The alignment of the 
multiple sequences was carried out using ClustalW 
algorithm of the BioEdit software version 7.0 
(Informer Technologies) and sequences were scanned 
for the presence of single-nucleotide polymorphism 
(SNPs)24. The presence of polymorphism was verified 
with the reference sequence of the National Centre 
for Biotechnology Information and the variation 
in the alanine repeat number between osteoporotic 
and healthy individuals was calculated by direct 
counting12. The reference sequence identifier used for 
the wild-type gene sequence was NM_001329502.1, 
Homo sapiens GPX1, transcript variant 3, mRNA. 
Pearson’s Chi-square test was carried out to assess the 
significant difference in the distribution of polyalanine 
repeat variation among healthy and osteoporotic 
groups. Odds ratio (OR) was estimated using McNemar 
2 × 2 contingency test to assess the risk conferred by 
polyalanine repeat variation towards osteoporosis25. 
OR of 1.00 denoted no risk associated with that factor 
while OR more than 1.00 indicated excess risk and OR 
less than 1.00 a decreased risk26.

Results

Population structure and admixture: The mean alpha 
value of admixture in this study was estimated to be 
0.071, indicating that the individuals of the study 
groups (both healthy and osteoporotic) belonged to an 

admixed population, i.e. they were of mixed ancestry 
(Fig. 1). The genetic distance, F

ST
, calculated between 

the two populations ranged from 0 to 1. 

Analysis of biochemical parameters: Biochemical 
parameters were analysed for both healthy 
(mean age = 59 yr; comprising 67.7% of males) and 
osteoporotic (mean age = 58 yr; comprising 43.2% 
of males) groups. BMD was found to be lower in 
osteoporotic individuals as compared to healthy 
individuals as shown in Table I for age-matched groups 
belonging to the same geographical area, homogeneous 
ethnicity and food habits. Likewise, the osteoporotic 
group had significantly lower circulating 25-hydroxy 
vitamin D, GPx1 enzyme levels and higher TOS, as 
compared to a healthy group (Table I).

Association analysis of biochemical parameters with 
osteoporosis risk: Healthy group showed a high GPx1 
activity and significantly correlated with high femoral 
BMD (P=0.026) when compared to osteoporotic group 
(Table II). However, the osteoporotic study group did 
not show any significant correlation between GPx1 and 
femoral BMD (Table II).

Analysis of GPx1 transcript and polymorphism: The 
analysis of GPx1 transcripts by qRT-PCR showed 
a 3.5-fold decrease in the expression of GPX1 in 
osteoporotic as compared to healthy individuals 
(T=2.893, P<0.05) (Supplementary Fig. 1). 

Single Nucleotide Polymorphisms (SNPs) in two 
regions of the GPX1, one spanning part of promoter 
and exon 1 region and second spanning exon 2 
was checked. As per the dbSNP (SNP database), 
there are 66 SNPs reported in each of these two 
exonic regions. Of the 132 SNPs reported in dbSNP 
(https://www.ncbi.nlm.nih.gov/SNP/snp) in the studied 
exon 1 and 2 regions, four SNPs were detected in our 
samples (viz., rs17838762, rs1800668, rs3210019 and 
rs1050450) with a significant difference in their allele 
frequency distribution (Supplementary Figs 2 and 3). It 
was observed that variation was found only in the length 
of polyalanine repeat in the first amplicon spanning 
selected promoter and exon 1 region. 

Polyalanine repeat variations in the first exonic region 
of GPx1 among the study groups: Compared to the 
reference sequence, four alanine repeats were found in 
37, five in 57, six in two healthy individuals (n=96) 
and   four alanine repeats in 76, five in eight, six in 
two and seven in two osteoporotic individuals (n=88). 

https://www.ncbi.nlm.nih.gov/SNP/snp
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Lower frequency of five alanine repeats was found 
in osteoporotic individuals (0.09) as compared to the 
healthy group (0.59) (P<0.001). Pearson’s Chi-square 
test confirmed that variation in five alanine repeats was 
less prevalent in the osteoporotic group (χ2 = 50.81, 
df = 1; P<0.001) than the healthy group (Table III). 
Odds ratio analysis (OR) showed that five alanine repeat 
variation in GPX1 was associated with excess risk for 
osteoporosis (OR =14.62, OR >1, 95% confidence 
interval: 6.35-33.62). Correlation of association Phi 

(Φ) was estimated to be +0.53, suggesting a positive 
association between five alanine repeat variations in 
GPX1 and osteoporosis condition. 

In silico analysis of polyalanine repeats revealed 
that the combined cleavage score (Y-score) was 
comparable between osteoporotic (0.200) and healthy 
(0.191) individuals. Signal peptide cleavage site was 
also observed to be located at the same position at 
19th ‘F’ phenylalanine (Fig. 2), as per the reference 

Normal Osteoporosis

0.00

0.20

0.40

0.60

0.80

1.00

Fig. 1. Bar plot showing admixture for the two population clusters in the sampled population. Red: healthy individuals, Green: osteoporotic 
individuals. (STRUCTURE programme version 2.3 was employed, keeping 10000 burn-in periods and 10000 repetitions. The analysis is based 
on SNP allele frequency data of the two study groups for understanding population structure, identifying migrants and admixed individuals).

Table I. Analysis of bone mineral density, 25‑OH vitamin D, total oxidative stress and glutathione peroxidase 1 (GPx1) enzyme 
activity between healthy and osteoporotic individuals

Biochemical parameters 25‑OH vitamin D (ng/ml) TOS (µmol H
2
O

2
/l) GPx1 (µmole/min/g)

Healthy (n=96), T score=−0.16±0.66
Mean±SD 24.78±7.29 27.45±18.36 0.693±0.078

Median 24.00 23.37 0.693

CI for median 21.775‑26.087 21.523‑32.531 0.683‑0.707

Osteoporotic (n=88), T score=−3.18±1.25
Mean±SD 18.16±6.90*** 35.54±9.61 0.401±0.032***

Median 16.93 35.80 0.409

CI for median 15.671‑20.229 25.028‑40.571 0.398‑0.409

P ***<0.001 considered as significant. TOS, total oxidative stress; NS, non‑significant; SD, standard deviation; CI, confidence interval; 
25‑OH vitamin D, 25‑hydroxy vitamin D; H

2
O

2
, hydrogen peroxide

Table II. Pairwise correlation coefficient test between glutathione peroxidase 1 (GPx1) and 25‑OH vitamin D with total oxidative 
stress and bone mineral density amongst the healthy and osteoporotic groups

Condition Biochemical 
parameters

GPx1 25‑OH vitamin D

Correlation coefficient P Correlation coefficient P

Healthy (n=96) TOS −0.112* 0.276 0.168 0.103

BMD 0.227 0.026 0.043 0.677

Osteoporotic (n=88) TOS 0.086 0.428 0.03 0.784

BMD −0.128* 0.232 −0.162* 0.132
*The inverse relationship between biochemical parameters. BMD, bone mineral density; TOS, total oxidative stress; 25‑OH vitamin D, 
25‑hydroxy vitamin D
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sequence. Further, the probability of localization of 
GPx1, predicted by Target P 1.1 servers (http://www.
cbs.dtu.dk/services/TargetP), was found to be similar 
between our amplicons and reference sequence.

Discussion

Osteoporosis is an age-related disease with 
preponderance in females27. Ageing along with OS 
is involved in the pathogenesis of osteoporosis27. 
Antioxidant enzymes play a major role in overcoming 
OS28. Glutathione peroxidase is an important 
antioxidant enzyme expressed ubiquitously in many 
tissues29. Different forms of GPx exist, of which GPx1 
localises in both cytoplasm and mitochondria and 
functions in the reduction of H

2
O

2
 using glutathione as 

a reductant29.

In the present study, age-matched healthy and 
osteoporotic individuals of homogenous ethnicity 
(Asian Indian Origin) belonging to the same 
geographical area, food habit and lifestyle were 
evaluated for population admixture. The admixture 
model for population ancestry was evaluated based 

on allele frequencies which indicated the degree of 
admixture within the two populations23. The model 
for correlated allele frequencies states that the allele 
frequencies between the two population clusters 
may be similar due to migration or recent shared 
ancestry23. High F

ST
 typically indicates a high degree 

of differentiation among the populations. However, in 
this study, a low mean value of F

ST
 (0.3191 ± 0.047) 

was obtained which indicated a recent common 
ancestry due to high gene flow and heterozygosity in 
the studied population. The two groups were compared 
for BMD, vitamin D, TOS and GPx1 activity. A 
significantly lower BMD, vitamin D and GPx1 levels 
and higher TOS was observed in the osteoporotic 
group as compared to healthy individuals supporting 
our hypothesis that OS contributes to the occurrence of 
osteoporosis. Our results are in corroboration with the 
previous studies4,5,12,13,30, which indicated a significant 
increase in the values of plasma TOS and OS index and 
a decrease in total antioxidant status in patients with 
post-menopausal osteoporosis than those of healthy 
individuals. Moreover, similar to our findings, these 

Table III. Polyalanine repeat variation amongst healthy and osteoporotic individuals with 2×2 contingency Chi‑square tests for 
genetic association analysis

Condition Prevalence of five 
alanine repeats

OR 95% CI

Lower limit Upper limit

Healthy (n=96) 57/96 14.62 6.35 33.62

Osteoporotic (n=88) 8/88

Data are represented as McNemar 2×2 contingency test, where χ2=50.81, P<0.0001, Φ=+0.53 represents positive association between 
alanine repeat variation in GPx1 and osteoporosis condition. OR >1 (14.62) indicates excess osteoporosis risk. OR, odds ratio

Fig. 2. Signal peptide cleavage site prediction in the protein sequence of (A) healthy, and (B) osteoporosis Individuals. Signal P 4.1 servers 
were used for the first 40 amino acids in our amplicons to compare with the reference amino acid sequence from UniProt (GPX1 ID: P07203) 
between osteoporotic and healthy individuals. C-score: raw cleavage site score; S-score: signal peptide score; D-score: Discrimination score; 
Y-score: Combined cleavage site score that predicts true cleavage. Y-score was comparable amongst osteoporotic (0.200) and healthy (0.191) 
individuals. GPX1, glutathione peroxidase 1

Position
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e

SignalP-4.1 prediction (euknetworks): RAZGPX1F_N15

# Measure Position Value Cutoff Signal peptide?
max. C 25 0.168
max. Y 16 0.191
max. S 2 0.311
Mean S 1-15 0.217

D 1-15 0.205 0.450 NO

Position
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e

SignalP-4.1 prediction (euknetworks): RAZGPX1F_C21

# Measure Position Value Cutoff Signal peptide?
max. C 17 0.175
max. Y 17 0.200
max. S 4 0.314
Mean S 1-16 0.226

D 1-16 0.214 0.450 NO
Name=RAZGPX1F_N15     SP=‘NO’   D=0.205   D-cutoff=0.450   Networks=SignalP-noTM Name=RAZGPX1F_C21    SP=‘NO’   D=0.214   D-cutoff=0.450   Networks=SignalP-noTM
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studies also reported a significant negative correlation 
between OS index, TOS and BMD estimated from the 
femoral neck region and spine4,5,12,13,30. Correlational 
studies using biochemical parameters suggested that the 
high level of GPx1 activity was significantly associated 
with high femoral BMD in healthy individuals, as 
compared to osteoporotic individuals. In addition, 
a 3.5-fold decrease in the expression of GPX1 and a 
significant decrease in plasma GPx1 activity were 
observed in osteoporotic individuals corroborating 
their involvement in the development of osteoporosis. 

In the present study, polymorphism in GPX1 was 
screened to check for the possible association with 
lower enzyme activity in osteoporotic individuals. 
GPx1 being a cytosolic protein requires translocation to 
mitochondria via signal peptide. The reference peptide 
sequence of GPX1 consists of seven alanine repeats 
from positions 7th to 13th constituting part of the signal 
peptide17. A previous study on the Slovenian population 
showed that polymorphisms polyAla and Pro198Leu 
of the GPX1, individually and in combination, were 
associated with BMD and hence can be used as genetic 
markers for bone disease17. They found the highest 
values of BMD in 7/7 Ala group followed by individuals 
having 5/5 genotype and the lowest BMD values in the 
group carrying 6/6 genotype which implies that 7/7 
Ala group might protect against osteoporosis. In the 
present study, we found the lower frequency of five 
alanine repeats in GPX1 of the osteoporotic group as 
compared to a healthy group. Pearson’s Chi-square test 
determined that five alanine repeat variation in GPX1 
was associated with excess osteoporosis risk. This 
demonstrates that genetic variability in GPX1 and low 
GPx1 enzyme expression with high TOS is involved 
in the development of osteoporosis. Bioinformatics 
analysis of the signal peptide of GPx1 was carried out to 
understand its cleavage site and subcellular localization 
to mitochondria in osteoporotic and healthy individuals. 
In silico analysis revealed that signal peptide cleavage 
site did not change in either study group implying 
that variation in the number of alanine repeats in the 
N-terminal region of GPx1 protein sequences, did not 
affect cleavage of a signal peptide. Furthermore, Signal 
P 4.1 analysis confirmed that subcellular localization 
of GPx1 to mitochondria was also not influenced; 
indicating that deletion of the alanine residues from 
the signal peptide in the osteoporotic group may not 
influence subcellular localization of the protein to 
mitochondria. However, these findings need to be 
confirmed experimentally through biological and 

functional evidence in future studies. Moreover, we 
did not find Pro198Leu polymorphism (rs758910873) 
in the GPX1 which is contrary to a previous report17 or 
other SNPs reported in dbSNP (https://www.ncbi.nlm.
nih.gov/SNP/snp).

The present study was not without certain 
limitations. This study could not infer causality 
between the biochemical parameters and osteoporosis. 
Although the healthy and osteoporotic groups 
belonged to the same environment, similar ethnicity 
and lifestyles, larger sample size will be required to 
increase the significance of the present association 
analysis.

Overall, in this study of Asian Indian population, 
low GPX1 expression, high TOS and lower frequency 
of five alanine repeats was observed in the osteoporotic 
group which was found to be associated with excess 
osteoporosis risk. However, in addition to GPX1, there 
is a need to study the genetic variants of coding and 
non-coding regions of other antioxidant genes and their 
isoforms to understand their importance in OS-induced 
pathogenesis of osteoporosis. These results further 
emphasise our understanding of genetic variation in 
the pathogenesis of osteoporosis.
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Supplementary Fig. 1. Bar graph of qRT-PCR of GPX1 from PBMCs of healthy and osteoporosis individuals. RNA was isolated from PBMCs 
of healthy and osteoporotic individuals and cDNA synthesis was carried out. cDNA was subjected to qRT-PCR for GPX1 expression analysis. 
Statistical analysis using unpaired Student’s t test. Error bars indicate mean ± SEM. P* <0.05. GPX1, glutathione peroxidase 1; qRT-PCR, 
quantitative real-time polymerase chain reaction; PBMCs, peripheral blood mononuclear cells; SEM, standard error of the mean

Supplementary Fig. 2. Polyalanine repeat variation in (A) healthy and (B) osteoporotic individuals. DNA sequencing and sequence analysis 
were done using BioEdit software version 7.0. The results are expressed as the aligned sequence of amino acids and variation of polyalanine 
repeat shown for the individuals among healthy (a) and osteoporotic groups (b). Rows include amino acid sequences of individuals and 
columns are the specific amino acid position.

BA

Supplementary Fig. 3. Pro198Leu polymorphism in exon 2 of GPX1 in (A) healthy, and (B) osteoporotic individuals. The aligned nucleotide 
sequences were converted to amino acid sequence and variation of proline to leucine shown for the individuals amongst healthy (a) and 
osteoporotic groups (b) was analysed. Rows include amino acid sequences of individuals and columns are the specific amino acid position. A 
significant difference was not found across proline to leucine among osteoporotic and healthy individuals. GPX1, glutathione peroxidase 1.

BA
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The luatruthtable LATEX package

Chetan Shirore, Ajit Kumar

Abstract

This paper describes the development and usage of
the luatruthtable package in LATEX. It is developed
to generate truth tables of boolean values in LATEX
documents. The package provides an easy way of
generating truth tables in LATEX. There is no need of
a special LATEX environment for generation of truth
tables with the package. It is written in Lua and the
TEX document is to be compiled with the LuaLATEX
engine.

1 Introduction

The Lua [1] programming language is a scripting
language which can be embedded across platforms.
With LuaTEX [4], it is possible to use Lua in LATEX.
TEX or LATEX has scope for programming in them-
selves. However, with the internals of TEX there are
several limitations especially for performing calcu-
lations on numbers in LATEX documents. There are
packages like pgf [5] and xparse [9] in LATEX which
provide some programming capabilities inside LATEX
documents. However, such packages are not meant
to provide the complete programming structure that
in general other programming languages (like Lua)
provide.

The generation of truth tables with these pack-
ages in LATEX gets complicated [7] and probably
without using Lua it can’t be done in an easier way
in LATEX. The programming facilities of Lua are effec-
tively used in the luatruthtable package. The xkeyval
package is used in its development, in addition to
the luacode package [2]. The time for generation of
truth tables using the package and compilation of
TEX document with LuaTEX is not an issue.

2 Installation and inclusion

The installation of the luatruthtable package is sim-
ilar to any LATEX package, where the .sty file is
placed in the LATEX directory of the texmf tree. The
package can then be used by including the usual com-
mand \usepackage{luatruthtable} in the pream-
ble of the LATEX document. The document is to be
compiled using LuaLATEX.

3 Core ideas used in the development of
the package

Lua [1] is an extensible language that can be em-
bedded in LATEX. The TEX [8] language has indirect
support for scripting languages [6].

The luatruthtable function toBinary(x,y) is
used to produce a sequence of True and False values
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of boolean variables. This function converts the
decimal number x to a binary number by adding
y number of leading zeroes. The result of this is
stored in a table in Lua. Here y corresponds to the
number of boolean variables. As 2y permutations of
boolean variables are to be produced, the function
toBinary(x,y) runs inside a loop where x takes
values from 1 to y. The splitting of variables and
expressions is done using string methods available
in Lua. The nested metamethods in Lua are used to
define several logical operators. The load function
in Lua is used to evaluate logical expressions.

4 The \luaTruthTable command in the
luatruthtable package

The \luaTruthTable command is the main com-
mand in the luatruthtable package which generates
truth tables. It has the following syntax.

\luaTruthTable[⟨trtext⟩,⟨fltext⟩]
{⟨list of boolean / logical variables⟩}
{⟨list of expressions⟩}

The command has two mandatory arguments:

i) ⟨list of boolean / logical variables⟩: The list of
boolean or logical variables should be separated
by commas.

ii) ⟨list of expressions⟩: The list of logical expres-
sions that are to be evaluated should also be
separated by commas.

And the command has two optional arguments:

i) ⟨trtext⟩: the display value for the boolean value
True. It has the default value $T$ in the pack-
age. It can be any string or number, although
assigning the value 0 would not make sense.

ii) ⟨fltext⟩: the display value for the boolean value
False. It has the default value $F$ in the pack-
age. It can be any string or number, although
assigning the value 1 would similarly not make
sense.

The \luaTruthTable command should be used
within \begin{tabular} ... \end{tabular} envi-
ronment or any other environment in LATEX for tables.
The sequence of column heads should be the same
as the sequence of list of boolean / logical variables
and list of expressions. Without these correct inputs,
\luaTruthTable cannot produce the desired output.

5 Operations in the luatruthtable package

a) not : The value of not p is False when p is True
and it is True when p is False.

p not p
T F
F T

The command lognot* is used in the package
to generate a truth table for the not operation.

b) and : The value of p AND q is True if and only
if both p and q are True.

p q p and q
F T F
T F F
T T T
F F F

The command *logand* is used in the package
to generate a truth table for the and operation .

c) or : The value of p or q is False if and only if
both p and q are False.

p q p or q
F T T
T F T
T T T
F F F

The command *logor* is used in the package
to generate a truth table for the or operation.

d) implies : The value of p implies q is False if and
only if p is True and q is False.

p q p implies q
F T T
T F F
T T T
F F T

The command *imp* is used in the package to
generate a truth table for the implies operation.

e) if and only if : The value of p if and only if q
is True if and only if both p and q have same
truth values.

p q p iff q
F T F
T F F
T T T
F F T

The command *iff* is used in the package to
generate a truth table for the if and only if
operation.

f) NAND : The value of p NAND q is 0 if and only
if both p and q have value 1.

p q p NAND q
0 1 1
1 0 1
1 1 0
0 0 1

The command *lognand* is used in the pack-
age to generate a truth table for the NAND
operation.

The luatruthtable LATEX package
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g) XOR: The value of p XOR q is 0 if and only if
p and q have same values.

p q p XOR q
0 1 1
1 0 1
1 1 0
0 0 0

The command *logxor* is used in the package
to generate a truth table for the XOR operation.

h) NOR: The value of p NOR q is 1 if and only if
both p and q have value 0.

p q p NOR q
0 1 0
1 0 0
1 1 0
0 0 1

The command *lognor* is used in the package
to generate a truth table for the NOR operation.

i) XNOR: The value of p XNOR q is 1 if and only
if both p and q have same values.

p q p XNOR q
0 1 0
1 0 0
1 1 1
0 0 1

The command *logxnor* is used in the pack-
age to generate a truth table for the XNOR
operation.

Table 1 summarises logical operators in the package.

6 Examples and usage

The luatruthtable package accepts a finite number of
variables. It supports any finite number of variables
that one would need in practice. A few examples of
usage are given here.

The following example involves three variables,
p, q, and r.

\begin{tabular}{|ccc|c|}

\hline

\(p\) & \(q\) & \(r\) & \((p \land q)\)

\rightarrow \(\neg r\) \\

\hline

\luaTruthTable{p,q,r}{(p*logand*q) *imp*

(lognot*r)} \\

\hline

\end{tabular}

The output from the above is shown in Table 2.
Here lognot*r is enclosed in parentheses to pro-

duce correct results in the generated truth table.

Table 1: Operations in the luatruthtable package,
given boolean variables p and q.

Command Description

lognot*p Negates the boolean variable p.

p*logand*q Truth table for the expression
p and q.

p*logor*q Truth table for the expression
p or q.

p*imp*q Truth table for the expression
if p then q.

p*iff*q Truth table for the expression
p if and only if q.

p*lognand*q Truth table for the expression
p NAND q.

p*logxor*q Truth table for the expression
p XOR q.

p*lognor*q Truth table for the expression
p NOR q.

p*logxnor*q Truth table for the expression
p XNOR q.

The following is the code generated by the com-
mand \luaTruthTable in the above code.

$F$ & $F$ & $T$ & $T$\\
$F$ & $T$ & $F$ & $T$\\
$F$ & $T$ & $T$ & $T$\\
$T$ & $F$ & $F$ & $T$\\
$T$ & $F$ & $T$ & $T$\\
$T$ & $T$ & $F$ & $T$\\
$T$ & $T$ & $T$ & $F$\\
$F$ & $F$ & $F$ & $T$

With the use of optional arguments [trtext=True,
fltext=False] in the previous example, one gets the
following output:

p q r (p ∧ q) → ¬r
False False True True
False True False True
False True True True
True False False True
True False True True
True True False True
True True True False
False False False True
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Table 2: Example output from the \luaTruthTable

command.

p q r (p ∧ q) → ¬r
F F T T
F T F T
F T T T
T F F T
T F T T
T T F T
T T T F
F F F T

It is possible to give trtext and trfalse values
that are TEX math text. So with the use of optional
arguments [trtext=$T$, fltext=$F$] in the pre-
vious example, one gets the following output:

p q r (p ∧ q) → ¬r
F F T T
F T F T
F T T T
T F F T
T F T T
T T F T
T T T F
F F F T

Since the luacode* environment is used, the
backslash is to be escaped in setting trtext and trfalse.
For example: [trtext=\\(True\\),
fltext=\\(False\\)].

7 Known issues, limitations and scope of
the package

The associativity and precedence of operators is not
yet supported. Thus the package can give appropri-
ate results only when parentheses are used for each
of the operations, and gives erroneous results when
parentheses are not used. This point is of utmost
importance in using the package.

There is no native way of defining a custom
operator in Lua [3]. However, some metamethods
can be nested in a way to replicate an operator. All
operators defined in this package are instances of
such nesting. The question may be raised that are
there better ways of accomplishing these in Lua. The
answer is yes. The alternative ways may be better
in one way or another. For example, instead of
defining *logand* operator and using it in the fashion
p*logand*q, one could define function logand that
takes two arguments and use it in a way logand(p,q).
But when it comes to embedding in LATEX, one has
to use more and more nested parentheses as the
number of statements and operations increases. This

is the exact reason why this approach was not used
in the development of the package. Instead of using
implies(logand(p,logor(q,r)),s) it seems more natural
to use (p *logand* (q*logor*r) )*implies* s.

Also, there is no error handling mechanism used
in the package. It relies on the error handling of Lua
and TEX itself. The package currently supports the
nine listed operations, viz. not, and, nand, or, xor,
implies, iff, nor, xnor. Error handling and extending
the number of operations may be considered in future
versions of the package.

The package, including source code, is released
through CTAN (ctan.org/pkg/luatruthtable),
and in the usual TEX distributions.
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The luamodulartables and luaset

LATEX packages

Chetan Shirore, Ajit Kumar

Abstract

The luamodulartables package was developed by
us to generate modular addition and multiplication
tables for positive integers, for use in LATEX docu-
ments. The commands in the package have optional
arguments for formatting of tables. These commands
can be used in an environment similar to the tabular
and array environments. The commands can also
be used with the booktabs package to provide better
formatting of tables in LATEX.

Similarly, the luaset package is developed by us
to define finite sets and perform different operations
on them inside LATEX documents. There is no special
environment in the package for performing set oper-
ations. The package commands can be used in any
environment (including mathematics environment).

These packages are written in Lua, and the TEX
source is to be compiled with the LuaLATEX engine.
There is no need to install Lua on users’ systems
as TEX distributions (TEX Live and MiKTEX) come
bundled with LuaLATEX. The packages can be modi-
fied or extended by writing custom Lua programs.

1 Introduction

The Lua [1] programming language is a scripting
language which can be embedded across platforms.
With LuaTEX [3], and more easily with the luacode
[2] package, it is possible to use Lua in LATEX. The
TEX [9] and LATEX languages provide for program-
ming [8]. However, with the internals of TEX there
are several limitations, especially for performing cal-
culations on numbers in LATEX documents. There are
packages like pgf [7] and xparse [10] in LATEX which
provides some programming capabilities inside LATEX
documents. However, such packages do not provide
the complete programming structure that general
programming languages, such as Lua, provide. The
luacode [2] package is used in development, in addi-
tion to the xkeyval package.

The modular addition (multiplication) of inte-
gers with respect to a positive integer n is obtained
by taking the remainder of the usual addition (mul-
tiplication) after dividing it by n. There is no easy
way in LATEX to do modular addition and multiplica-
tion [4]. With Lua, it can be achieved easily in LATEX.
Also, non-Lua ways of doing modular arithmetic in
LATEX are more complicated [5].

The time required for the LuaTEX compilation
to generate modulo addition and multiplication ta-

bles with the luamodulartables package, or to per-
form different operations on sets with the luaset

package, is not an issue.

2 Installation and license

The installation of luamodulartables and luaset

package is similar to simple LATEX packages, with a
.sty file in the LATEX directory of a texmf tree. The
packages can be loaded with \usepackage{luaset}

and \usepackage{luamodulartables} commands
in the preamble of a LATEX document. The TEX file
is to be compiled using the LuaLATEX engine.

luamodulartables and luaset packages are re-
leased under the LATEX Project Public License v1.3c
or later. The complete license text is available at
latex-project.org/lppl.txt. The packages are
developed in Lua. Lua is available as certified open
source software. Its license is simple and liberal, com-
patible with the GNU GPL. A small part of the devel-
opment of these packages was inspired by questions
on https://tex.stackexchange.com. The content
on this site is available under the CC BY-SA license.

3 The luamodulartables package

\luaModularMult and \luaModularAdd are the two
basic commands in the luamodulartables package,
to generate modular multiplication and addition ta-
bles, respectively. The command \luaModularMult

has the following syntax and it is used to generate
modular multiplication tables for positive integers.

\luaModularMult

[multlabel=⟨text⟩,
headline=⟨text⟩,midline=⟨text⟩]
{⟨n⟩}

The command has one compulsory argument ⟨n⟩,
and three optional arguments multlabel, headline
and midline. The compulsory argument denotes
the positive integer n with respect to which modular
multiplication is to be carried out.

The multlabel string denotes the label to be
printed as the entry in the first row and first column
of the generated tabular environment. Its default
value is $\times$. The headline refers to the style
of horizontal line after first row in tabular or table
environment. The midline refers to the style of
horizontal lines after second row till the second last
row. The headline and midline strings are both
empty by default.

The formatting of the top line (before the be-
ginning of the first row) and the bottom line (after
the end of the last row) are defined in the user’s
LATEX document. The alignment of columns and use
of vertical lines for columns are likewise specified in
the document.
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Z4 0 1 2 3

0 0 0 0 0
1 0 1 2 3
2 0 2 0 2
3 0 3 2 1

Table 1: Illustration of \luaModularMult

An example of using the \luaModularMult com-
mand follows, specifying the optional arguments
multlabel and headline. It requires the amsmath

and amssymb packages.

\begin{tabular}{r|rrrr} \toprule

\luaModularMult[multlabel=$\mathbb{Z}_4$,

headline=\midrule]

{4} \\

\bottomrule \end{tabular}

This generates the output shown in Table 1.
Similarly, the command \luaModularAdd is used

to generate addition modulo tables for positive inte-
gers. It has the following syntax:

\luaModularMult

[addlabel=⟨text⟩,
headline=⟨text⟩,midline=⟨text⟩]
{⟨n⟩}

The addlabel argument denotes the label to be
printed as the entry in the first row and the first col-
umn of tabular environment. Its default value is $+$.
The optional parameters headline and midline are
exactly the same as in the \luaModularMult com-
mand.

4 The luaset package

4.1 Defining and displaying sets

A set can be defined with the \luaSetNew command:

\luaSetNew{⟨name⟩}{⟨set⟩}
For example, the following defines sets A and B:

\luaSetNew{A}{a,b,c,10,d,10,a,30}

\luaSetNew{B}{d,e,f,10,20}

The set can be output with \luaSetPrint:

\luaSetPrint{⟨name of set⟩}
Continuing our example, the commands

\(A = \luaSetPrint{A}\) \\

\(B = \luaSetPrint{B}\)

generates this output (notice that duplicate elements
have been removed, this being a set):

A = {10, 30, a, b, c, d}
B = {10, 20, d, e, f}

The command \luaSetPrint parses, sorts and
prints all elements by using the parsers.iterator
[6] function in lualibs.

4.2 Commands in the luaset package

These commands are available in the luaset package
to perform various operations on finite sets in LATEX
documents.

\luaSetUnion{C}{A}{B} Defines new set C as
union of sets A and B.

\luaSetIntersection{C}{A}{B} Defines new set
C as intersection of sets A and B.

\luaSetDifference{C}{A}{B} Defines new set C
as difference of sets A and B.

\luaSetCardinal{A} Gives cardinality of set A.

\luaSetBelongsto{x}{A} Returns true if x is in
set A, otherwise returns false.

\luaSetSubseteq{A}{B} Returns true if set A is
a subset of set B, otherwise returns false.

\luaSetSubset{A}{B} Returns true if set A is a
proper subset of set B, otherwise returns false.

\luaSetEqual{A}{B} Returns true if set A is
equal to set B, otherwise returns false.
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Abstract

LaTeX is one of the most widely used typesetting systems for scientific publications. Lua pro-
gramming language is a scripting language which can be embedded across platforms. We have
developed Lua-based packages to perform basic mathematical computations inside LaTeX doc-
uments. The main aim of this paper is to introduce Lua-based LaTeX packages developed by
us. The luamaths, luacomplex, luatruthtable, luaset and luagcd packages are
introduced in this paper with their applications in LaTeX. These packages are designed from a
pedagogical perspective. We have built time-saving macros that can assist in the creation of
teaching notes.

1 Background and Introduction

There is a good scope to perform basic mathematical computations in LaTeX using Lua. This ap-
proach is suitable for performing standard operations on real and complex numbers, sets, integers,
vectors, and matrices. It involves some complex intermingling of Lua and TeX. No particular envi-
ronment in LaTeX is required to use the developed packages. The core part of programming is done
in Lua, and the tex file is to be compiled with the LuaLatex engine. The time required for performing
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operations in LaTeX documents is not an issue while compiling with LuaLaTeX. There is no need
to install Lua on the users’ systems as TeX distributions (TeXLive or MikTeX) come bundled with
LuaLaTeX.

With LuaTEX [9] and Luacode [3] packages, it is possible to use Lua in LaTeX. TeX or LaTeX has
scope for programming [12]. However, with the weird internals of TeX, there are several limitations,
especially for performing calculations on numbers in LaTeX documents. The luacode [3] pack-
age is used in development of packages apart from the xkeyval [15] package. Various packages
and commands introduced in the paper can further be extended or modified by writing custom Lua
programs.

This paper is organized into different sections. The second section summarises the key features of
developed packages. The third section discusses the advantages of techniques and methods used in the
development of packages. The fourth section describes some limitations of the approach used in the
development of packages. The fifth section discusses the prospects of the research work. Applications
and usage of developed packages are given in the sixth section.

2 Lua-based packages in LaTeX

This section provides brief information on luamaths, luacomplex, luatruthtable, luaset,
and luagcd packages, along with their key features.

2.1 The luamaths package

The luamaths package [6] provides commands to evaluate trigonometric, inverse trigonometric,
logarithmic, and exponential functions. The random numbers can be generated by using commands
in the package. There are functions in the package to find the maximum and minimum of finite subsets
of real numbers. The greatest and nearest integer to a real number can be determined, and rounding
off real numbers is also possible. Numbers can also be entered in scientific notation. For example,
the number 1230000 can be entered as 1.23e6, and the number 0.000123 can be entered as 1.23e−4.
The package provides the standard constant π and the Euler number e. These constants can be used
with other commands of the package. The package can also deal with ∞. Table 1 in subsection 6.1
illustrates some commands in luamaths package.

2.2 The luacomplex package

The luacomplex package [4] is developed to define complex numbers and perform basic arithmetic
operations on complex numbers in LaTeX. It is built over the luamaths package. The package pro-
vides commands to find modulus, principal arguments, complex conjugates, and real and imaginary
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parts of complex numbers. The package can be modified or extended by adding custom Lua programs.
Subsection 6.2 illustrates some commands of the luacomplex package.

There are a few limitations of the luacomplex package. Complex numbers are to be defined ex-
plicitly by listing real and imaginary parts. It does not support symbolic calculations on complex
numbers. These issues can be addressed in future package updates.

2.3 The luatruthtable package

The luatruthtable package [10] is designed to generate truth tables of logical operators. The
package supports nine operations: not, and, nand, or, xor, implies, iff, nor, xnor. There is no in-built
function in Lua to convert decimal numbers to binary numbers. The function toBinary(m,n) is
constructed in Lua and used to produce a sequence of True and False values of boolean variables.
This function converts a decimal number m to a binary number, say b. If the number of digits in b
is less than n, then (n - no. of digits in b) leading zeroes are added to b. Each digit is stored in a
table in Lua. This function runs inside a loop where m takes values from 1 to 2n; n is the number
of truth variables. It produces 2n combinations of n truth variables. Subsection 6.4 illustrates some
commands of the luatruthtable package.

The associativity and precedence of operators still need to be supported. The package can produce
correct results only when parentheses are used for each operation. This point is of utmost importance
in using the package. There is no native way of defining custom operations in Lua [2]. However, some
metamethods can be nested in a way to replicate the operators. All operators defined in this package
are instances of such nestings. The question may be raised about a better way of accomplishing this in
Lua. There are alternative ways of doing it. For example, instead of defining *logand* operator and
using it in the fashion p*logand*q, one could define the function logand that takes two arguments and
use it in a way logand(p, q). However, when it comes to embedding it in LaTeX, one has to use more
and more nested parentheses as the number of statements and operations increase. This is the exact
reason why such an approach is not used in the package. It sounds more natural to use (p *logand*
(q*logor*r) )*implies* s instead of using implies(logand(p, logor(q, r)), s).

2.4 The luaset package

The luaset package [8] is developed to define finite sets and perform operations on them in LaTeX.
There is no particular environment in the package for performing set-operations. The package sup-
ports the nesting of commands for multiple set operations. Sets need to be defined explicitly. There
are commands to determine the cardinal number of sets and check whether two sets are equal. It
is also possible to check whether the specified element is in a set. Subsection 6.3 illustrates some
commands of the luaset package.

68



The Electronic Journal of Mathematics and Technology, Volume 17, Number 1, ISSN 1933-2823

2.5 The luagcd package

The luagcd package [5] is designed to find the greatest common divisor (gcd) of integers in
LaTeX. The package also provides a command to obtain the step-by-step computation of gcd of two
integers (Table 4) by the Euclidean algorithm [13]. In addition, the package also has the command
to express the gcd of two integers as an integer linear combination (Table 5) and thus verify Bezout’s
identity. It also provides a step-by-step solution to find integers a and b such that am+bn = d, where
d is gcd of m and n (Table 6). Subsection 6.5 illustrates some commands of the luagcd package.

3 Techniques and Methods Used

• The techniques and methods used in developing packages do not need any special resources.
All the techniques are platform-independent and work on most standard operating systems,
including Microsoft Windows, Linux and its derived versions, and Macintosh. The technique
mainly uses Lua and LaTeX, which are platform-independent and do not need strong hardware
resources.

• No proprietary software and tools are used in the development of the packages. All tools are
freeware and open source. The developed packages are made available as freeware and open
source. This is important as the research work can further be extended without any restric-
tions. This is within the philosophy of open source and freeware tools that are available for the
mathematics community.

4 Known Issues and Limitations

The error-handling mechanism in developed packages is not robust. Some error-handling mechanisms
for input values are available in packages. If something absurd is entered in a command, it converts
it into nil through the table.pack function in Lua and processes the rest of the input, or it throws an
appropriate error through functions in the package or through inbuilt functions of Lua. The error-
handling mechanism of the package can be strengthened in future updates.

The number of operations in each of the packages is limited. Also, symbolic calculations still need to
be supported. More operations and symbolic calculations can be supported in future updates.
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5 Future Plans and Prospects of the Research Work

The approach of embedding Lua in LaTeX can be extended in several other ways. With luamplib
[7] and metapost [11] libraries, it is possible to plot graphs of functions in LaTeX in a native way.
This sort of package can be developed in the future to extend the series of Lua-based packages in
LaTeX.

There is wide use of linear algebra in several fields and often a need to type vectors and matrices inside
LaTeX documents and perform different operations on them. The linear algebra specific packages of
LaTeX can be developed using Lua. These packages will be developed in the next part of the research
work.

The powerful programming capabilities of Lua can also be used to produce customized documents
from LaTeX files. This approach can further be extended to produce Web Apps and Android Apps
from LaTeX files. The mathematical content in LaTeX files can be pre-processed and pre-compiled in
Web and Android Apps using Lua. We will develop Lua-based techniques to create custom documents
and produce Web and Android Apps from LaTeX files. This approach is very innovative and can have
several benefits over other techniques of creating Web and Android Apps for mathematical content.
One of the android applications developed by us based on this technique is available on the Google
play store: “Sequences of Real Numbers” [14]. The technique can be refined to automate the creation
of Android applications from LaTeX files. The sample web application produced from LaTeX file
can be found on this link [1].

6 Applications and Usage of Developed Packages

The various commands in luamaths, luacomplex, luaset, luatruthtable, and luagcd
packages are illustrated in subsections of this section.

6.1 Illustrations of commands in the luamaths package

Table 1 illustrates various operations in the luamaths package.
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LaTeX input Output

\mathOp{(3+3)ˆ4-4} 1292.0

\mathAbs{-6.96} 6.96

\mathFloor{-6.9} −7

\mathFloor{9.9} 9

\mathCeil{-9.9} −9

\mathCeil{6.3} 7

\mathRound{9.678884}{3} 9.679

\mathMax{20, 30, 100} 100

\mathMin{20, 30, 100} 20

\mathSqrt{9} 3.0

\mathRound{\mathPi}{6} 3.141593

\mathInf In f

LaTeX input Output

\mathOp{\mathInf/2} In f

\mathPi 3.1415926535898

\mathLog{2} 0.69314718055995

\mathExp{3} 20.085536923188

\mathRad{1800} 31.415926535898

\mathSin{0} 0.0

\mathCos{0} 1.0

\mathTan{0} 0.0

\mathAsin{0} 0.0

\mathAcos{0} 1.5707963267949

\mathAtan{0} 0.0

\mathOp{9+\mathCos{0}} 10.0

Table 1: Illustrations of commands in the luamaths package

The package can be extended to define new functions. For example, the code in listing 1 output to
0.5.

Listing 1: Extending luamaths package
\documentclass{article}
\usepackage{luamaths}
\begin{luacode}
function avgMinMax(...)
avg = (math.min(...) + math.max(...))/2
return avg
end
\end{luacode}
\newcommand\mathAvgMinMax[1]{\directlua{tex.sprint(avgMinMax(#1))}}
\begin{document}
\mathAvgMinMax{\mathCos{0},\mathSin{0}}
\end{document}
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6.2 Illustrations of commands in the the luacomplex package

The latex document (Listing 2) uses various commands from the luacomplex package.

Listing 2: LaTeX document with luacomplex package
\documentclass{article}
\usepackage{luacomplex}
\begin{document}
\cpxNew{a}{3, 4}
\cpxNew{b}{1, 3}
\(a=\cpxPrint{a}\) \\
\(b=\cpxPrint{b}\) \\
\cpxAdd{c}{a}{b}
\(c=a+b=\cpxPrint{c}\) \\
\cpxSub{d}{a}{b}
\(d=a-b=\cpxPrint{d}\) \\
\cpxMul{e}{a}{b}
\(e=a. b=\cpxPrint{e}\) \\
\cpxDiv{f}{a}{b}
\(f=\frac{a}{b}=\cpxPrint{f}\) \\
\cpxInv{g}{a}
\(g=\frac{1}{a}=\cpxPrint{g}\) \\
\cpxRe{h}{a}
\(h=Re(a)=\cpxPrint{h}\) \\
\cpxIm{j}{a}
\(j=Im(a)=\cpxPrint{j}\) \\
\cpxMod{m}{a}
\(m=|a|=\cpxPrint{m}\) \\
\cpxOp{n}{a+b*c-d}
\(n=\cpxPrint{n}\) \\
\luaexec{tex. sprint(string. format(’\%. 10f’, math. pi))}
\end{document}

The latex document (Listing 2) outputs the following on compiling with LuaLaTeX engine.

a = 3+4i
b = 1+3i
c = a+b = 4+7i
d = a−b = 2+ i
e = a.b =−9+13i
f = ab = 1.5−0.5i

g = a1 = 0.12−0.16i
h = Re(a) = 3
j = Im(a) = 4
m = |a|= 25
n =−16+22i
3.1415926536
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6.3 Illustrations of commands in the the luaset package

The latex document (Listing 3) uses various commands from the luaset package.

Listing 3: LaTeX document with luaset package
\documentclass{article}
\usepackage{luaset,parskip}
\begin{document}
\luaSetNew{A}{a,b,c,\mathCos{0},d,10,a,30}
\luaSetNew{B}{d,e,f,10,20}
\luaSetUnion{C}{A}{B}
\luaSetIntersection{D}{A}{B}
\luaSetDifference{E}{A}{B}
\luaSetDifference{F}{B}{A}
\(A = \luaSetPrint{A}\) % printing set A
\(B = \luaSetPrint{B}\) % printing set B
\(C = A \cup B = \luaSetPrint{C}\) % printing set C
\(D = A\cap B = \luaSetPrint{D}\) % printing set D
\(E = A-B = \luaSetPrint{E}\) % printing set E
\(F = B-A = \luaSetPrint{F}\) % printing set F

The Cardinality of set \(A\) is \luaSetCardinal{A}.
It is \luaSetSubseteq{A}{B} that \(A \subseteq B \).

It is \luaSetSubseteq{A}{C} that \(A \subseteq C \).

It is \luaSetSubset{A}{B} that \(A \subset B \).

It is \luaSetSubset{A}{C} that \(A \subset C \).

\setIntersection{G}{C}{A}
\(G = C \cap A = \luaSetPrint{G}\) % printing set G

It is \luaSetEqual{A}{B} that \(A=B \).

It is \luaSetEqual{G}{A} that \(G=A \).

It is \luaSetBelongsto{z}{A} that \(z \in A \).

It is \luaSetBelongsto{10}{A} that \(10 \in A \).

\luaSetNew{S}{a, 10, b, x, y, z, 100, 200}
\(S = \luaSetPrint{S}\) % printing set S

\luaSetIntersection{H}{C}{S}
\luaSetUnion{I}{D}{S}
\(H = C \cap S = \luaSetPrint{H}\) % printing set H

\(I = D \cup S = \luaSetPrint{I}\) % printing set I
\end{document}
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The latex document (Listing 3) output the following.

A = {10,30,1.0,a,b,c,d}
B = {10,20,d,e, f}
C = A∪B = {10,20,30,1.0,a,b,c,d,e, f}
D = A∩B = {10,d}
E = A−B = {30,1.0,a,b,c}
F = B−A = {20,e, f}
The Cardinality of set A is 7.
It is false that A ⊆ B.
It is true that A ⊆C.

It is false that A ⊂ B.
It is true that A ⊂C.
G =C∩A = {10,30,1.0,a,b,c,d}
It is false that A = B.
It is true that G = A.
It is false that z ∈ A.
It is true that 10 ∈ A.
S = {10,100,200,a,b,x,y,z}
H =C∩S = {10,a,b}
I = D∪S = {10,100,200,a,b,d,x,y,z}

6.4 Illustrations of commands in the luatruthtable package

The luatruthtable package can accept a finite number of variables. It supports a finite number of
variables that one would need.

Listing 4: LaTeX document with luatruthtable package
\begin{tabular}{|cc|c|c|c|c|c|c|c|c|c|}
\hline
\(p\) & \(q\) & \(\neg p\) & \(p \land q\) & \(p\lor q\) & \(p \rightarrow q\)
& \(p \leftrightarrow q\) & \( p\) nand \(q\) & \(p\) xor \(q\) & \( p\) nor

\(q\) & \(p\) xnor \(q\) \\
\hline
\luaTruthTable{p, q}{lognot*p, p*logand*q, p*logor*q, p*imp*q, p*iff*q,
p*lognand*q, p*logxor*q, p*lognor*q, p*logxnor*q } \\
\hline
\end{tabular}

The LaTeX code (Listing 4) generates the output shown in Table 2.

p q ¬p p∧q p∨q p → q p ↔ q p nand q p xor q p nor q p xnor q
F T T F T T F T T F F
T F F F T F F T T F F
T T F T T T T F F F T
F F T F F T T T F T T

Table 2: The luatruthtable command
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6.5 Illustrations of commands in the luagcd package

The command \luagcd is illustrated in Table 3.

LaTeX input Output

\luagcd{20,30,60,70} 10

\luagcd{0,10,75,90} 5

\luagcd{-30,45,-90} 15

Table 3: The luagcd command

The command \luagcdwithsteps{-20}{-6008} generates the output shown in Table 4.

Step 1: Apply the division algorithm to 6008 and 20.
6008 = 20(300)+8
Step 2: Apply the division algorithm to 20 and 8.
20 = 8(2)+4
Step 3: Apply the division algorithm to 8 and 4.
8 = 4(2)+0
The gcd of -20 and -6008 is the last non-zero remainder and it is 4.

Table 4: The luagcdwithsteps command

The command \luagcdlincomb{10011}{210} generates the output shown in Table 5.

The gcd of 10011 and 210 is 3 and the equation −10011x+ 210y = 3 and has a
solution (x,y) = (3,−143).

Table 5: The luagcdlincomb command

The command \luagcdlincombwithsteps{-10011}{210} generates the output shown in
Table 6.
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Step 1:10011 is written as a linear combination of 10011 and 210.
10011 = (1)(10011)+(0)(210)
Step 2:210 is written as a linear combination of 10011 and 210.
210 = (0)(10011)+(1)(210)
Step 3: The equation in Step 2 is multiplied by 47 and subtracted from the equation in Step 1.
141 = (1)(10011)+(−47)(210)
Step 4: The equation in Step 3 is multiplied by 1 and subtracted from the equation in Step 2.
69 = (−1)(10011)+(48)(210)
Step 5: The equation in Step 4 is multiplied by 2 and subtracted from the equation in Step 3.
3 = (3)(10011)+(−143)(210)
The gcd of -10011 and 210 is 3 and the equation −10011x+ 210y = 3 and has a solution (x,y) =
(−3,−143).

Table 6: The luagcdlincombwithsteps command
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Sustainable Development: 
Sustainable means "able to be sustained"; 
that is, to be maintained indefinitely, and is 
contracted with "unsustainable", referring to 
what cannot be maintained (Martinez-Alier 
2002; Wackernagel and Rees 1995). 
Sustainable development means having a 
different vision of the world. Sustainable 
development a constantly evolving concept, is 
thus the will to improve everyone's quality of 
life, including that of future generations, by 
reconciling economic growth, social 
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The concept of sustainability has 

undergone notable developments over the past 
few years. In its beginnings, the report "Our 
Common Future" [1]Education is 
important and top priority goal because it is a 

basic human right and the bottom on which to 
build peace and drive sustainable 
development. Education is both a goal in itself 
and a means for attaining all the other SDGs. 
It is not only an essential part of sustainable 

most 

development and environmental protection 
(UNDESD, 2005) 
Objectives of the study: 
1) To Study The Goals Of Sustainable 

Development. 
2) To Study The Pedagogy And Tools 

Of Education. 
Research Methodology: 
The present study paper is mainly based on 
secondary data which is collected from 
periodicals, books, websites research articles 
and Internets. 

The following figure shows United Nations 
Sustainable Development Goals: 
strategy in the pursuit of the sustainable 
development goals..Education for Sustainable 
Development - a key instrument to achieve 
the SDGs "A basic change is needed in the way 

we think about education's role in global 
development, because education has 
responsibility to be in gear with 21st century 
challenges and aspiration8, and foster the 
right types of values and skills that will lead 
to sustainable and inclusive growth, and 
peaceful living together." Irina Bokova, 
Director-General of UNESCo Sustainable 
means "able to be sustained"; that is, to be 
maintained indefinitely, and is contracted 
with "unsustainable", referring to what cannot 
be maintained (Martinez-Alier 2002; 
Wackernagel and Rees 1995). Sustainable 
development means having a different vision 
of the world. Sustainable development a 

constantly evolving concept, is thus the will to 
improve everyone's quality of life, including 
that of future generations, by reconciling 
economic growth, social development and 
environmental protection (UNDESD, 2005) T 
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That is why education represents an essential 
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"Education 
Development allows every human being to acquire the knowledge, skills, attitudes and 
values necessary to shape a sustainable 
future"(UNESCO, 2014) 

for Sustainable 

"Education can, and must, contribute toa new vision of sustainable global development." (UNESC0, 2015) 
Education for Sustainable Development aims 
at developing proficiency that empower individuals to reflect on their own actions, 
taking into account their current and future 
environmental, economical, cultural and 
social impacts, from a local and a global 
perspective. It helps students to acquire new 
concepts and critical thinking abilities, which 
are learned in application to real life 
situations. Students obtain information and 
gain knowledge, while getting familiar with 
the dilemmas faced when applying or 
producing innovative solutions for 
interdisciplinary sustainability issues 
Individuals should also be empowered to act in 
complex situations in a sustainable manner, 
which may require them to strike out in new 
directions; and to participate in socio-political 
processes, moving their societies towards 
sustainable development. UNESC0 
coordinates the international community to 
achieve the education goals of SDG-4 through 
partnerships, policy guidance, capacity development, monitoring and advocacy with 
the Education 2030 Framework for Action as 
roadmap Emphasis on upgrading learning 
resources and facilities to make access to 
information easier or instruction more 
engaging has led to the formation. 
Sustainable Development 
(EDUCATION) through 
E- Learning Pedagogy 

Goal 

According to Naidu (2006), the term E 
learning comprises more than online learning, 
but incorporates all educational activities that 
are carried out by individuals or groups 
working online or offline. 
E-learning is "utilizing electronic technologies 
to access educational curriculum outside of a 
traditional classroom," 
In a modern world, higher education has an 
obligation and central in redefining education 
for the case of sustainability surpassing its 
two traditional functions of research and 
teaching.Nowadays, higher education and 

sustainability 
interlace concepts. 
Smart classroom: 

ISBN: 978-93-94819-13-9 
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Volume: I 

are widely recognized 

Smart Classroom a setting that 
incorporates electronic devices and software 
into the learning environment. Typically, it is 
a digital classroom where a physical classroom extends into a digital space. This digital 
environment makes it possible for users to 
collaborate or continue their work outside the 
classroom.Students find it engaging and easy 
to access learning resources, networks and 
track their learning progress. teacher also find 
it resourceful focus on students' work in a 
smart classroom.Smart classroom facilitates 
customization of feedback based on student, 
lesson, group and more. 
Digital Education: 

as 

Digital Education is broder than what we see 
in today's world. 

3.Instruction 

Digital Education is consisting of 3 elements. 
1.Technology 

2.Digital content 
3.Instruction 
1.Technology- It is tools by which used the 
the digital content transmitted from source to 
recipient that is the student communicating 
Bluetooth, laptop,camera,3D printing 
machine, these are used for education. 
2. Digital content- digital content is all 
enriched and quality content that is mid 
available to students through this 
technologies, channel. it can be regular online 
platform, PDF file, multimedia presentation, 
PPT Presentation etc. which deals with the 
transmission of information from sources to 
recipient. 

JYOTIKIRAN PUBLICA TION, PUNE (INTERNA TIONAL PUBLICATION) 

Who is going handed the digital content 
process to trend teacher to the quality teacher 
are in separable part of entire part of digital 
content system. because this trained teacher 
get to now how aware to transmit information 
or knowledge to students to this technologies. 
These three elements makes digital 
education. 

Learning Management System (LMS)-We 
need technology in every classroom and in 
every student and teachers' hand, because it 
is the pen and paper of our time, and it is the 
lens through which we experience much of 
our world. A Learning Management System 
(LMS) is an online accommodates software 
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of life generated by the emergence 
information technology, particularly given its 
presence in higher education as 
sustainability. Technology has also helped to 
improve the simplest of practices, such as the 
development of traditional learning as 
sUstainability techniques. Alias and 
Zainuddin define LMS as a web-based 
framework designed to promote the learning 
as sustainability process in educational 
institutions by properly planning, 
implementing and updating it. A methodology 
that falls under the umbrella of e-learning as 
sustainability has made it possible to resume 

the learning as sustainability process after 
lockdown This technology is known as a 
Learning Management System (LMS), the use 
of LMS in the learning as sustainability 
process helps to encourage e-learning as 
sustainability by offering instructional 
material without constraints on time or place. 
LMS nowadays have turned out to be a 
standard tool in higher education to facilitate 
interaction, communication, and collaboration 
with and among each other. Thus, LMS have 
grown into an indispensable tool for 

facilitating teaching and learning in higher 
education. Besides cropping and improving 
students' communication skills and assisting 
teaching in general, studies also found that 
the implementation of LMS contributes to 

of 

resources. 

MOOCs are another prominent development 
as part of the ramified E-Learning universe. 
The basic idea of MOOCs is to educate a 
massive amount of students online and free of 
charge. The term MO0C was first introduced 
by Dave Cormier from the University of 
Prince Edward Island in 2008 to describe a 
course about Connectives and Connective 
Knowledge . MOOCs can bring knowledge to 
students who may not have access otherwise, 
and be of use to learners who can't afford the 
costs of higher education. Non-traditional 

actions for environmental integrity, economic 
viability and a just society, for present and 
future generations, while respecting cultural 
diversity. 
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The digital revolution has changed the lives of countless people. It touched all aspects of 

our lives including the Education. The efforts of Government of India to reach to most 

disadvantaged and provide them with the finest teaching learning resources turned into a massive 

project of online cducation courses designed to achieve the three cardinal principles of Education 

Policy of that assures access, equity and quality. The freely available courses can bridge the 

knowledge gap between privileged and disadvantaged students. Most importantly, the courses 

provide opportunities for self-paced learning. SWAYAM and MOOCS are the platforms that can 

drastically change the dynamics of learning and take it to another level provided that the internet 

and data facilities reach to remote areas too and the information about the platforms reach to all 

who need it. 

Key words: SWAYAM, MOOCs, eLearning, Self-paced Learning. 

Introduction 

CC-06 

The digital revolution has changed the lives of countless people. It touched all aspects of 

our lives including the education. The Covid-19 pandemic took eLearning to almost every home. 

The students from K. G. toP. G. learnt to learn online. The picture seems very optimistic as 

eLearning can literally teach you anything, from languages, science, data science, management 

to personal development. 

Nonetheless many people are still untouched by the revolution. They don't know where 

to find the authentic knowledge in a particular subject. Even the certification they get after 

completing an online course may be questioned by concerned authorities. But Government of 

India came up with an answer i.e., SWAYAM. The effort to reach to most disadvantaged and 

provide them with the finest teaching learning resources turned into a massive project of online 
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cducation courses designed to achieve thec threc cardinal principles of Education Policy of that 
assures access, cquity and quality, The frecly available courscs can bridge the knowledge pan 
Deveen privileged and disadvantaged students, Being true to its name 'Study Webs of Active. 
Leaming for Young Aspiring Minds' the platform provides enormous opportuntes to iearn. 

are designed in a way that pcrmit learning at the student's own pace. They are not limited to fiy 

days and time as the actual, physical classrooms. 

Most importantly, the courses provide opportunities for self-paced learning; the courses 

freely leam new skills and educate themselves. People use MO0Cs for varied resond from carcer 
development, changing careers, college preparations, supplemental larning, litelong learning, 
COrporate eLearning & training, and more. MOOCs have dramatically changed the way the 
world learns. 

Objectives 

1. 

2. 

CC-06 

MOOCs i. e. Massive Onen Online Courses is the online platform where people can enrol 

3. 

Discussion 

To discuss the advantages ofSWAYAM and MO0Cs 
To deliberate on the challenges in using the eLearning platforms 

A major advantage ofsWAYAM and MOOCS is the availability of quality knowledge. The well qualified and experienced faculties with appropriate skills prepare the courses that provide knowledge and skills. This help learners to get authentic information in a 
concerned area. 

The platforms offer this authentic knowledge at no cost. Many learners interested in gaining new knowledge had to stay away from it due to unaffordability of quality online courses. But SWAYAM and MOOCs allows to flow knowledge towards every interested learner, rich or poor. 
The platforms provide an opportunity for self-paced learning. A learner can pick up at his own schedule and time. Many students as well as professionals have their own schedule of work and part-time jobs. So it becomes difficult for them to learn at fixed schedule designed by educational institutes that offer offline, physical classroom 
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6. 

7 

8 

9. 

cducation So, they previously had to stay away from education. But such learmers can 

Iow casily enrol in self-paced online classes. 

CC6 

The rchecarsal or revision of learnt material is crucial in learning process. It is 

comparativcly very casy to revise material taught in online classes as the students can 
view videos of tthe online course for as much as time he prefers. This facility was 

missing in ofline physical classes. Students necd to rely on teachers, fellow students or 
sclf-made notes for revision in such classes. 

The learner can frequently check his progress in MOOCs as he needs to complete 
assessments very frequently. Most of the courses provide instant feedback that is very 
necessary to keep the learner motivated and engaged. 

Though the advantages of these online platforms seems very appealing, there is a flip 

side too. One of the challenges to spread the knowledge through such platforms is the 

internet conncctivity in remote locations and uninterrupted availability in connected 

arcas. 

Also, learners may find it difficult to purchase data needed. Though the courses are 

free, the purchasing of data can be a problem. 

It also increases the screen time of learners. It is creating many physical as well as 

mental issues. The learner may face vision issues, concentration problems and other 

related issues. The immobility for long hours also contributes in physical and mental 

health concerns. 

Similarly, the online classes lack the human touch that is provided in face-to-face 

classes. The doubts can be cleared immediately in such classes. The social dynamics of 
face-to-face classes make the interaction even more fruitful as it adds up in a 

socialization process. Al these communication opportunities and social dynamics are 
missing in online platforms. Some learners may find it uninteresting and mechanical. 

10. So, considering all these issues, it's challenging to make these online platforms popular 
and common way of learning. The educators, technicians and policy makers need to 

come together to intensify the advantages and de-intensify the problems. 
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Abstract: The development of molecular genetics as well 

as genetic manipulation are leading to innovative 
changes in the field of life science. Genetic engineering is 
an accurate technique of gene manipulation at the 
molecular level. Several enzymes play an important role 
in genetic engineering like restriction endonuclease, 
ligase, Alkaline phosphatase as well as DNA polymerase. 
The importance of genetic engineering in medical science 
consists of the formation of vaccines, growth hormones 
including proteins along with the treatment of various 
diseases. Genetic engineering has several applications in 
agriculture, research, medicine as well as industrial 
biotechnology. CRISPR/Cas9 is the new genome editing 
technique with excellent advantages. The fast 
advancement in CRISPR/Cas9 system greatly revolved 
around genetic engineering, particularly modifications 
of the Cas9 as well as sgRNA to attain proper editing. 
 

Index Terms— Genetic Engineering, CRISPR-Cas9, 
DNA Manipulation, Genome 

INTRODUCTION 

Genetic engineering provides a great advantage in the 
research area begins to be developed in 1973 by 
Stanley Cohen with Herbert Boyer [1]. Gene 
manipulation including genetic engineering is in used 
for a very long time. Genetic engineering (GE) also 
known as gene manipulation as well as recombinant 
DNA technology (RDT) three are used as a 
conversely-intimate of manipulation as well as 
interchange the genetic constituents of the organism 
by introducing some traits of the interest [2]. This is 
the combination of methods that are useful for the 
recognition, replication, modification as well as 
transfer of genetic material. The methods specified 
above are through including great in the area since the 
1970s with various importance in areas such as 
pharmaceuticals, industry, health, the environment in 
addition to agriculture. With the development of 

genetic engineering, its importance field is expanded 
that provide benefit to humans several genetic 
disorders is nowadays curable with the help of this 
technique it is not available before time. The 
importance of genetic engineering in medical science 
consists of the formation of vaccines, growth 
hormones including proteins along with treatment of 
various diseases including genetic disorders like 
Cancer, Down’s syndrome, Alzheimer’s disease, 

cystic fibrosis including Huntington’s disease with the 

help of gene therapy. The Transgenic plants the useful 
traits like resistance to pests, herbicide tolerance, 
stress tolerance as well as increased nutrients. In the 
agriculture field which importance of GE is main 
apparent in developing genetically modified (GM) 
foods [3]. Genetic engineering is also used to enhance 
milk as well as meat this is the “values added” 

initiative in the area of animal agriculture that is 
enhanced the number of existing proteins by 
developing completely new ones [4]. Genetic 
engineering is the main important technique for the 
study of genomes, the formation of genetically 
modified (GM) organisms is formed by proteins of 
biotechnological importance and advancements of the 
transgenic organisms by new characteristics [5].  
CRISPR/Cas9 is the growing essential technique for 
genome engineering because of its great efficiency as 
well as simplicity [6]. The rapid advancement in 
CRISPR/Cas9 technology greatly revolved around 
genetic engineering, particularly modifications of the 
Cas9 as well as sgRNA to attain proper editing [7]. 
 

ENZYMES IN DNA MANIPULATION 
 

Nucleic acids are widely manipulated, to obtain 
particular attributes as well as features. The 
modifications are mainly catalyzed with the enzymes 
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like polymerases, and ligases including nucleases. The 
DNA polymerase enzyme synthesizes DNA molecules 
from deoxyribonucleotides. The various types of DNA 
polymerase are useful for gene manipulation. DNA 
polymerase I involved 3’-5’ as well as 5’-3’ 

exonuclease both actions including 5’-3’ polymerase 

action. Reverse transcriptase synthesizes DNA from 
RNA. Taq DNA polymerase is a heat-stable DNA 
polymerase and is mainly extracted with Thermus 
aquaticus. That work at 72°C with slightly stabilized 
over 90°C and it mainly functions in PCR. Nucleases 
are enzymes that degrade nucleic acids by breaking the 
phosphodiester bonds. Ribonucleases (generally 
abbreviated RNases) mainly catalyzed the degradation 
of RNA including deoxyribonucleases (generally 
abbreviated DNases) that mainly catalyzed the 
degradation of DNA. Nucleases consist of two 
different types such as exonucleases as well as 
endonucleases. Exonucleases that cleave off 
nucleotides one at a time from 3’or 5’ ends of DNA as 

well as RNA chains. The endonucleases cleave the 
phosphodiester bonds within a nucleic acid. Mung 
bean nucleases are the endonuclease particular from 
single-stranded DNA including RNA. The S1 nuclease 
is the endonuclease that degrades ssDNA and RNA.  
RNase H is an enzyme that cleaves the RNA of an 
RNA-DNA duplex [8].  The restriction-modification 
system consists of a modification enzyme (DNA 
methylase) that identifies the recognition regions 
including modifying the regions with the addition of a 
methyl group. The bacteria produce restriction 
enzymes as well as modification enzymes that modify 
their DNA because of that it will not be cleaved with 
a restriction endonuclease. The reason for 
modification is enzyme modifies the recognition sites, 
due to that restriction enzymes are incapable to cut 
those sites. So, with the help of modification systems 
protect host cell DNA from restriction enzymes [9].  
Hamilton discovered the first restriction enzyme Hind 
III in 1970 from the Haemophilus influenza.  
Restriction enzymes is identifying a particular 
sequence and cut the DNA strand. Enzymes are 
classified into various types that are different primarily 
on the cofactor demands, structure, activity, and 
recognition as well as cleavage sites. The three 
different types of restriction endonucleases like Type 
I, II including III. The Type II enzyme performs an 
important function in Recombinant DNA Technology 
which consists of the simple structure of the protein, 

and for the cleavage of DNA, ATP is not necessary 
[10]. Table [11].  End modification enzymes make 
changes to the ends of DNA molecules. Enzyme 
terminal deoxynucleotidyl transferase addicts the 
series nucleotides onto 3’OH termini of dsDNA 

molecule [12]. Alkaline phosphatase was found in E. 
coli as well as calf intestinal tissue, which catalyzed 
the removal of phosphate groups of 5’ends of the DNA 
strand [13]. T4 polynucleotide kinase, which is mainly 
isolated from the E. coli cells infected by the T4 phase, 
carries out a reverse reaction of the alkaline 
phosphatase, the addition of phosphates to the 5’ ends 

[14]. 
 
ADVANCEMENTS IN GENETIC ENGINEERING 

OF CRISPR/CAS9 SYSTEMS 
 
The Genetic engineering technique is greatly involved 
in the area of life sciences research as well as 
numerous importance. In 1987, CRISPR first 
identified in E. coli. The term “CRISPR” was 

introduced in 2002 [15].  CRISPR is greatly 
developing in recent times it is majorly useful for life 
sciences [16]. The recent advancements of the 
CRISPR-Cas9 system are very useful as well as easy-
to-used editing techniques They play great importance 
in the research area [17]. CRISPR-Cas9 is the newly 
developed genome-editing system. CRISPR-Cas9 
technology is the latest genetic manipulation 
technique, it is recently used all over the world. The 
enzymes that act on DNA are crucial for genetic 
manipulation technologies [18].  The CRISPR system 
provides adaptive immunity to bacteria including 
archaea [19]. The CRISPR/Cas9 system involved two 
important components like Cas9 including sgRNA.  
Cas9 is obtained from Streptococcus pyogenes.  Cas9 
involved two domains as HNH domain including a 
RucV-like domain.  Synthetic sgRNA with a length of 
about 100 nt [20].   CRISPR systems are majorly 
divided into two main classes. Class I consist of (type 
I, III,  I) with class II including (type II, V, VI) [21]. 
The Class I CRISPR-Cas systems included 
multisubunit complexes.  The class II systems 
involved a single Cas protein [22]. CRISPR-Cas9 
system was obtained from type II systems [23]. Type 
II CRISPR/Cas9 systems are relatively simplest, they 
are studied properly and are majorly useful for genetic 
engineering. The sgRNA including CRISPR-
associated (Cas-9) proteins are two important 
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components of the CRISPR/Cas9 system [24 ,27]. 
Studies that invented enzymes related to the CRISPR 
family, involved enzymes it encoded Cas genes 
smaller than SpCas9 (4.2 kb), such as SaCas9 (3.2 kb), 
NmCas9 (3.2 kb) including St1Cas9 (3.4 kb). These 
enzymes assist in the packaging of viral vectors. The 
newly identified enzyme called Cpf1 and shorter 
crRNA sequences uses an alternative for SpCas9. 
Moreover, newly developed C2c2 (Cas13a) including 
C2c6 (Cas13b) it degrades RNA [25]. Newly, 
CRMAGE that combines to CRISPR/Cas9 system 
including MAGE technique, is established it allows 
effective as well as fast genome engineering. In an 
earlier study, the CRMAGE technology used, 
recombineering efficiency extended by around 90% 
including protein synthesis modulation efficiency 
extended by 64%. The newly, identified CRISPR-
Cas13 is the capability to knock down RNAs use of 
RNA-guided RNA-targeting CRISPR-Cas effector 
Cas13a from Leptotrichia wades (LwaCas13a) 
although most effective in an E. coli [26]. 
 

CONCLUSION 
 

Genetic engineering is used in the formation of 
transgenic organisms it is the new main advancement 
in agriculture, medical sciences as well as 
biotechnological applications. This technique is 
mainly useful for human purposes. This is a great time 
its awareness with the education of genetic 
engineering is assisting. The researchers are generally 
to coordinate with discussing development in the field 
of Genetic engineering. The fast advancement in 
CRISPR/Cas9 system greatly revolved around genetic 
engineering, particularly modifications of the Cas9 as 
well as sgRNA to attain proper editing. 
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Abstract: 

Urea is hydrolyzed by means of urease enzyme with production of ammonia and carbonic acid. It provides an alkaline 

pH, and leads to CaCO3precipitation.This are one of the mechanism for microbially induced calcium carbonate 

precipitation (MICP).For this study, ureolytic bacteria capable of precipitating calcium carbonate were isolated from 

different types of soil samples and were tested for their urease activity. Each isolate were identified morphologically 

and using basic biochemical tests.Isolates  were also further tested for their ability to grow in extreme environment 

such as high pH, high salt concentration and low nutrient availability.16 out of 28 isolates showed positive results for 

urease production. Hydrolysis of urea was examined using Christensen’s urea agar base. Conductivity method was 

used to assay urease activity and it was in the range of 0.009-0.051 mS/min.Calcium carbonate precipitation via urea 

hydrolysis was investigated in both solid and broth  media. CaCO3crystals in the precipitation agar media were 

imaged.The present experimental approach can be potentially useful for a variety of environmental bioremediation 

applications such as heavy metal removal, self-healing concrete etc. 

 

Keywords: Urease, calcium carbonate precipitation, electric conductivity, soil bacteria. 

INTRODUCTION: 

Soil is loose surface material and contains inorganic matter, organic matter, gases and different kinds of micro-

organisms. These microorganisms present in soil play a very vital role in different biogeochemical cycles, in 

degradation of various pollutants, biomineralization process etc. 

Urease (urea amidohydrolase: EC3.5.1.5) is an enzyme that hydrolyzes urea into one mole of carbonate and 

two moles of ammonia per mole of urea,  resulting in an increase of the pH and carbonate concentration in the bacterial 

http://www.ijnrd.org/


             © 2022 IJNRD | Volume 7, Issue 12 December 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2212296 International Journal of Novel Research and Development (www.ijnrd.org)  

 

c985 
 

environment, which induces the formation of calcium carbonate. This enzyme is widespread in plants, bacteria algae 

, fungi etc. 

Calcium carbonate (CaCO3) is a widely distributed mineral in nature. Production of calcite by bacteriais 

general  phenomenon which occurs under appropriate conditions.(Bouquet etal, 1973).Calcium carbonate is widely 

spread in nature and has major applications in construction industry. Bio mineralization is the science of precipitation 

of minerals by living organisms. Both eukaryotic and prokaryotic organisms deposit minerals.Most crystals formed 

by biomineralization consisted of inorganic minerals, which may contain trace organicelements, that can regulate the 

process of biomineralization. (Yoshida et al. 2010).This property was explored by various scientists worldwide and 

its application in bioengineering field.(Dhami, etal (2013d)).There are different parameters that govern the induction 

of calcium carbonate precipitation which are; (a) calcium concentration, (b) carbonate concentration, (c) pH of the 

environment, and (d) presence of nucleation sites.(Hammes and Verstraete (2002)). 

The microbial induction mechanism for the precipitation of calcium carbonate is called Microbially Induced 

Calcite Precipitation (MICP). Biologically controlled or biologically inducedis some mechanism by which CaCO3 

is precipitated(Lowenstan and Weiner, 1988). 

In this study the isolation of ureolytic bacteria is carried out from different soil samples.Urease activity of the isolates 

is done using conductivity method. Further isolates are tested for calcium carbonate precipitation in both broth and 

agar state. 

MATERIALS AND METHODS: 

Sample collection and preparation: 

Soil samples from alkaline locations were used for this study. A total of 3samples were aseptically collected randomly 

using sterile spatula and put in a sterile zipper bag. The samples were transported to the laboratory and stored at 40C 

till use. 

Study area/ location: 

The samples were collected from various locations as follows: 

1. Alkaline soil: Niphad 

2. Tulsi plant rhizosperesoil:Dindori 

3. Cementous soil: Mhasrul, Nashik 

Enrichment and Isolation of microorganisms: 

All soil samples were enriched by inoculating samples in 50ml sterile nutrient broth pH-9 containing 2% urea and 

incubated at 370c.For isolation and enumeration of cultivable bacteria, all the samples were serially diluted in saline 

(NaCl, w/v 0.85%) and plated on alkaline nutrient agar having pH 9), and the plates were incubated at 37°C. Viable 

bacterial count: Viable bacterial count was done and TVC(cfu/ml) was calculated by usin formula as follows: 
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TVC (cfu/ml) =Avg. no. of colonies ×dilution factor 

Volume plated 

The grown bacterial colonies from the plates were sub cultured several times on the same medium from where it 

was picked. 

Preliminary Screening:  

This screening was mainly based on tolerance of organism against high pH levels and high salt concentrations and 

growth at minimum nutrient availability. Nutrient broth with varying pH concentrations (pH 8, 9, 10, 11) was 

prepared. Nutrient broth with varying salt concentrations (NaCl 0.5%, 1%, 1.5%, 2% per 100 ml) was prepared. 

Each isolate were aseptically inoculated incubated at 370C for 24 – 48 hrs. Growth of organisms was monitored. 

Half strength Nutrient broth was prepared (i.e. keeping the volume same adding half the amount of component 

that are added normally). Isolates were aseptically inoculated and incubated at 370C for 24 – 48 hrs. Tubes were 

monitored for the growth of the isolates. 

Morphological and Biochemical analysis for identification of the isolate: 

All isolates were identified using following tests: 

Gram staining, motility test , Indole test Catalase test, Oxidasetest, MR-VP test, urease test ,Starch hydrolysis test, 

Sugar fermentation test. 

Qualitative urease assay:  

All the isolates were tested for urease activity. This was done by streaking the purified cultures on Christensen’s Urea 

Agar Base which is used for rapid screening of urease enzyme(Himedia)(Dhami et al., 2013d)It composed from (g/l); 

urea , 20.0; NaCl, 5.0; peptone, 1.0; glucose, 1.0; KH2PO4, 2.0; phenol red, 0.012 and agar, 15.0; (pH 6.5). All 

components of media were autoclaved except urea which filter-sterilized then added after autoclaving. CUAB were 

inoculated with isolates, and then kept at 37°C for incubation and were examined continually to record the pink color 

development.  

Quantitative urease assay by electric conductivity:  

Conductivity method for urease activity assay in the absence of calcium ionswas used in thestudy((Al-Thawadi, 

2008, Whiffin, 2004)). For enzyme assay, 1.0ml of bacterial broth culture (NB-U) was added to 9.0 ml of 1.11 M 

urea solution (Harkes et al., 2010). The urease reaction involves the hydrolysis of non-ionic substrate urea to ionic 

products thus generating a proportionate increase in conductivity under standard conditions. Final conductivity 

record could be taken after 5 minutes of incubation at 20ºC by electric conductivity meter (EQUIP-TRONICS NO. 

EQ-660A). 

Urease activity is presented by the rate of conductivity increase as mS/min.  

http://www.ijnrd.org/


             © 2022 IJNRD | Volume 7, Issue 12 December 2022 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2212296 International Journal of Novel Research and Development (www.ijnrd.org)  

 

c987 
 

Calcium carbonate precipitation test: 

 B4 medium(Yeast extract-0.4 gm., glucose 0.5gm, calcium acetate-0.25 gm) (Marvasi.M et al,2012)was used 

for test.Both broth and agar medium were used for the study. Broth was for tube test were the broth wasaseptically 

inoculated with test isolates and incubated at 370C for 2-3 weeks and was monitored for formation of precipitates of 

calcium carbonate (calcite) at the bottom of the tube.       While the test isolates were aseptically spot inoculated on 

the medium plates and incubated at 370C for 2 weeks plates were monitored for observation of accumulation crystals 

on the colonies of the organism. 

Confirmatory test for Calcite:  

 “Acid test” was used as a confirmatory test for acid production which involves use of 5% of concentrated acid 

solution which is placed on the surface of the colony present on B4 medium plates. Later the colonies of organism 

submerged in the drop of 5% acid were monitored for observation of emission of CO2 in the form of effervescences. 

Colonies showing effervescences showed positive test. 

RESULTS AND DISCUSSION: 

Preliminary Screening:  

All isolates showed growth in the nutrient broth having pH range from 8-10 and were able to grow in low nutrient 
availability. 

In sample 1, 4 out of 7, in sample 2 , 4 out 0f 8 and in sample 3 all isolates showed growth in nutrient broth having 
salt concentration from 0.5% -5%. 

Morphological and Biochemical analysis for identification of the isolate:  

Table No.1: Morphological and biochemical identification of isolates. 

Sample Code 

no. 

Gram  

character 

Catalase Oxidase Indole MR Citrate Urease glucose Lactose Maltose Nitrate  VP Starch 

hydrolysis 

CaCO3pptn 

1. A1 +ve rods + + + + + ++ + + + - - + ++ 
 A2 +ve rods + + + + + ++ + + + + - + ++ 
 A3 +ve rods + + + + + ++ + + + + - + ++ 
 A4 +ve rods + + + + + ++ + + + + - + ++ 
 A5 -ve rod + + + + - - + + - - - - - 

 A6 +vecocci + + - + + - + + + - - + - 

 A7 +vecocci + + - + + - + + + - - + - 

                

2. B1 +ve rods + + - + - ++ + + + - -  + 

 B2 +ve rods + + - + - ++ + + + + - + + 

 B3 +ve rods + + - + + ++ + + + - - + + 

 B4 +ve rods + + - + + ++ - + + + - + - 

 B5 +vecocci + + - + - - + + - - - + - 

 B6 +vecocci + + - + - - + + - - - + - 

 B7 -ve rod + + - + - - + + - - - + - 

 B8 -ve rod + + + 

 

+ - - + + - + - + - 

                

3. H1 +ve rods + + - + - + +/- - -  - + ++ 
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 H2 +ve rods + + - + - + +/- + - + - + ++ 
 H3 +ve rods + + - + - + +/- - - + - + ++ 
 H4 +ve rods + + - + - + +/- + + + - - + 
 H5 +vecocci + + + + - + - - - + - + ++ 
 H6 +vecocci + + + + - + + + + + - + + 
 H7 +vecocci + + - + - + - - - + - + ++ 
 H8 +vecocci + + - + - + - - - + - +/- + 

Key:+ = positive,- = negative 

Qualitative urease activity: 

The capability of isolates to hydrolyze urea by urease was tested onChristensen’s Urea Agar medium. Fig.1 shows 

qualitative urease activity on plate after 24h of incubation. Positive urease activity appeared in plates which its color 

turned from yellow to pink in comparison with control negative (un-inoculated medium) which still yellow. Out of 

28 isolates 16 showed positive results. 

 

Fig 1: Urease positive test. 

Quantitative urease assay by electric conductivity:  

Conductometery is considered to be accurate method for urease assay.After addition of culture into substrate, conductivity was 

recorded at zero time and at 1, 2, 3, 4, and 5 minutes. As showed in Table no. 2, the conductivity continuously increased 

with time in a positive proportional relation with urease activity. It shows stability and consistency in the rate of 

conductivity increase in the first 5 minutes of reaction (i.e. conductivity increase per minute). The rate of enzyme 

activity was in the range of 0.009-0.051.  

Table No. 2 Electric conductivity (EC (mS/S) of urease assay mixture at different time intervals (min).  

Isolate Electric conductivity 
(mS/min) 

Isolate Electric conductivity 
(mS/min) 

0 min 5 min 0 min 5 min 

A1 0. 023 0.029 H1 0.010 0.018 

A2 0.032 0.043 H2 0.012 0.016 

A3 0.029 0.030 H3 0.010 0.011 

A4 0.028 0.040 H4 0.031 0.039 

B1 0.036 0.041 H5 0.033 0.034 

B2 0.042 0.047 H6 0.010 0.012 

B3 0.047 0.051 H7 0.014 0.017 

B4 0.028 0.030 H8 0.007 0.009 
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Calcium carbonate precipitation test:B4 media was used for CaCO3precipitation  test.Calcium carbonate crystals 

formed in agar appeared as white precipitant within andaround the growth area. Fig.2 and Fig.3 shows the 

CaCO3precipitation in broth and in plates respectively after 7 days of incubation.  

 

Fig 2: Calcium carbonate precipitation in broth. 

 

Fig 3: Calcium carbonate precipitation in agar medium within and around growth area. 

CONCLUSION: 

In this study, isolation of bacteria was done from different soil samples. All isolates were tested for the growth at 

high temperature, high pH and high salt concentration. For qualitative analysis of urease activity, Christensen’s Urea 

Agarwas used and for quantitative assay conductivity method was done.In solid and broth media effective CaCO3 

precipitation was tested. The study resulted in 5 efficient isolates capable of producing carbonate precipitates in vitro 

(A2, A4, B1, B2& B3).  

Further studies on these isolates is to be carried out to exploit there use in the self-healing approach of concrete. 

 

 

CaCO3 precipitation near colonies. 

CaCO3 
precipitation in 
broth 
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