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Abstract
Moringa oleifera is grown globally. It is a multipurpose tree and the seeds are rich in phytochemicals with  antimicrobial 
activities. The crude powder of seeds clarify the turbid and metal contaminated water. M. oleifera (drumstick tree) seed 
coagulant protein (MoCP) was isolated to homogeneity from the crude extracts by carboxymethyl cellulose chromatography 
(CMC) and gel filtration. The molecular weight of the protein on gel filtration was 13 kDa and in SDS-PAGE it migrated as 
a single band under reducing conditions with molecular mass of 6.5 kDa (dimeric). Immobilized MoCP selectively binds 
cadmium from aqueous solutions (pH 2.0-7.0) with maximum binding at pH 6.0 in 180  min when tested at 10-600 minutes.  It 
also bound the metal in the concentration range of 30-70mgL-1. The adsorption kinetics was better described by pseudo second 
order and the data better explained by freundlich isotherm model than Langmuir isotherm model as in Freundlich model the 
correlation coefficient (R2) is high and the calculated qmax is very close to the experimental qmax rather than Langmuir isotherm 
model. Furthermore, the nanoparticles of MoCP were prepared and characterized using transmission electron microscopy 
(TEM).  The authenticity of the isolated protein and the nanopraticles prepared was confirmed by specific reactivity with the 
MoCP antibody raised earlier in our laboratory. 

Introduction
Heavy metals removal from aqueous solutions through biosorption has been well 
documented in literature (1). Biosorbents in view of their abundance and low-cost 
are used for the effective removal and recovery of heavy metal ions from wastewater.  
Moringa oleifera phytomass preparations have been applied for dye and turbidity removal 
in waste waster including fluoride and toxic metals (Table 1) (2-30). Cadmium toxicity to 
biota has been well established in literature. Therefore, removal of toxic substances from 
water is very important with respect to environmental health, and low cost economical 
considerations (31). Many methods have been documented for the removal of heavy 
metals from the aqueous media which include flocculation, ion-exchange, chemical 
precipitation, and evaporation (32). However, these methods are costly and have low 
efficiency for the removal of heavy metal contaminants. These methods cause secondary 
wastes during treatment. Biosorption is the most effective method used for the treatment 
of waste water (33) . Many biological materials such as  seed powder to bark of the 
plants have been used for industrial scale removal of contaminants (34, 35).  However, 
the component responsible for the adsorption is not known for many biomaterials. In 
addition from unprocessed biological material it requires a lot of biomass for industrial 
scale purification. M. oleifera seeds showed cleared turbid water and  due to the presence 
of  coagulant protein (MoCP) (36).  Active coagulant protein identified from the seeds is 
a dimeric protein and has isoelectric pH between 10 and 11 (37). 
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The biophysical properties of this protein have been revealed 
by some studies. Research work in the laboratory is focused on 
the large scale isolation and affinity purification of biologically 
important proteins/glycoproteins and to functionally 

characterize them.  As part of this program we have recently 
purified MoCP and raised an antibody for the same (38). 
Purified MoCP migrates as a single protein band in SDS-
PAGE under reducing conditions with an apparent molecular 

Table 1.  Moringa oleifera applications in biosorption  

Brief research finding Reference

Biosorption  of  Lead  (II)  ions  from  aqueous  solution  2

Removal of reactive dyes from their aqueous solutions 3

Removal of organic pollutants from aqueous solutions by biosorption 4

Toxicity assessment and modelling in water purification by whole cell bioreporter 5

M. oleifera husks as biosorbent chromium 6

M. oleifera for phytoremediation of heavy metals polluted soil. 7

Carbon nanosheets derived from M. oleifera stems as electrode material for high-performance electric double-
layer 

8

Removal of Cd (II) and Pb (II) from aqueous environment 9

Fluoride remediation with M. oleifera. 10

Evaluation of aluminum sulfate and water-soluble M. oleifera seed lectin to reduce turbidity and toxicity of 
polluted stream water. 

11

Bioremediation of heavy metals from water collected from various lakes in Bangalore, India using  Moringa leaf 
and bark extract 

12

Nutritional and medicinal applications of M. oleifera 13

Sorption of cadmium from aqueous system by shelled M. oleifera seed 14

M. oleifera leaf extract reduces intracellular cadmium accumulation and oxidative stress in Saccharomyces 
cerevisiae 

15

Remediation  of  contaminated  water  using M.  stenopetala  and  M.  oleifera  seed  powder 16

Heavy metals removal from wastewater by Moringa pods 17

Development of a magnetic coagulant based on M. oleifera seed extract for water treatment. 18

Pharmacologically relevant phytochemcials  in M. oleifera against photo-oxidative damages imposed by gamma 
radiation 

19

Biosorption  of  Pb(II)  from  aqueous  solutions  using chemically modified M. oleifera leaves. 20

Optimization  of  Cd(II),  Cu(II)  and  Ni(II)  biosorption  by chemically modified M. oleifera leaves powder. 21

Biosorption of Pb2+ from aqueous solutions by M. oleifera bark: 22

Biosorption activity of M. oleifera seeds powder. 23

Removal  of  lead,  iron  and  cadmium  ions  by  means  of polyelectrolytes of M. oleifera whole seed kernel. 24

pH  dependence  of  sorption  of Cd 2+ , Zn 2+,  Cu 2+  and Cr 3+  on crude water and sodium chloride extracts of 
M.stenopetala and M. oleifera. 

25

Coagulant properties of M. oleifera protein preparations: application to humic acids removal. 26

Removal  of  cadmium  from  aqueous  system  by  shelled M. oleifera seed powder. 27

Agroforestry and  nutritional potential of  M. oleifera 28

M. oleifera seed presscake extract for  removal of direct black 19 from synthetic wastewater  29

Removal  of  heavy  metals  from  aqueous  solutions  by M. oleifera seeds 30
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mass of 6.5 kDa. On gel filtration it showed  a molecular 
mass of 13 kDa consistent with earlier findings (36). Agro-
based lignocellulosics, seed power including seed extracts are 
considered for Waste water treatment and turbidity removal 
(34). In view of the recent developments in the improvement 
of extraction method of coagulation active components 
from seeds for drinking water treatment, coagulant protein /
flocculating protein and applications in treating turbid waters 
the present work assumes considerable significance. Heavy 
metals removal using seed powder, apotransferrin loaded 
nanoparticles and application of nanocomposites is gaining 
momentum in this field (38,39). Several seed proteins have 
been shown to effectively bind heavy metals such as Cd and we 
identified seed proteins from Strychnos potatorum to be useful 
in removal of heavy metals from aqueous media (40). 

Therefore, the present study was initiated with the following 
objectives. i) isolate and purify MoCP from the seeds and 
immobilize the purified protein and test its ability to bind 
cadmium from aqueous solutions, ii) prepare nanoparticles of 
MoCP and make a preliminary characterization in order to test 
their potentiality in the long run as efficient tools for removal 
of toxic metals from aqueous solutions. 

Materials and Methods
Plant Material
The seeds of M. oleifera used in the present study were obtained 
from the local supplier. M. oleifera seeds were deshelled 
manually and were ground into fine powder with the help of a 
motor and pestle. The seed powder was defatted with acetone, 
dried and used for further studies. All other chemical reagents 
used in the study were of high quality and procured locally 
from firms.

Extraction and isolation of M. oleifera coagulant protein 
(MoCP)
To isolate the seed protein MoCP, the seeds were deshelled, 
ground and defatted. From 20g the total proteins were extracted 
from overnight using 20 mM phosphate buffer saline pH 7.4 
containing 1 mM phenylmethylsulfonyl fluoride (PMSF). 
The extracted suspension was clarified by centrifugation at 
12000 rpm for 30 minutes in a refrigerated centrifuge and 
the supernatant was collected. This supernatant was termed 
as crude extract. The methodology followed to purify protein 
is as described with minor modifications  (36) . The crude 
extract was precipitated with ammonium sulphate ((54.2 g/L,  
80% final saturation) and the protein pellet was obtained by 
centrifugation as described above and was dissolved in 20 mM 
phosphate buffer saline pH 7.4 and further dialysed extensively 
against the same buffer using a 10k cut off dialysis membrane 
that retains the intact MoCP.  The clear dialysed sample was 
briefly centrifuged as above and the clear supernatant was 
applied onto anion exchange CM-52 chromatography gel (25 
ml) which was pre-equilibrated with 20 mM phosphate buffer 
pH 7.4.  The gel was extensively washed with 20 mM phosphate 

buffer pH 7.4 and sequentially eluted with 0.3M NaCl and 0.7 
M NaCl.  Protein in the column fractions was monitored at 
280 nm. The proteins eluted from 0.7M NaCl fractions that 
contained the MoCP were pooled and concentrated. It was then 
subjected to gel filtration (Sephadex G-100) chromatography 
to enrich the MoCP and to remove any minor contaminants.  
Protein containing fractions corresponding to MoCP (Mr 
13,000 kDa) compared with standard proteins, were pooled 
and concentrated and used in further studies.

SDS PAGE and Western blotting
Aliquots of the protein eluted from the gel filtration column were 
subjected to SDS-PAGE analysis under reducing conditions 
(43). After the electrophoresis proteins were detected using 
coomassie brilliant blue dye 

In another experiment, the purified MoCP was separated 
on a 12.5 % SDS-PAGE and the proteins transferred to a 
nitrocellulose membrane for western blotting. Both MoCP as 
well as the MoCP nanoparticles prepared were identified on the 
membrane using an antibody to the purified MoCP raised in a 
rabbit and available in the lab. 

Preperation of affinity gel containing MoCP
In short, 2 ml of gel was washed sequentially on a sintered  glass 
funnel with ice cold isopropanol, cold water and 0.1M HEPES 
buffer  pH7.4. MoCP protein (mg) in 0.1M HEPES buffer pH 
7.4 was added to gel and allowed to couple overnight in cold 
by rotation on a rotator.The purified MoCP obtained after gel 
filtration was coupled to affigel-10 (Bio-Rad labs) according to 
manufacturer’s instructions.

Analysis of cadmium binding
The glassware used in the present study was rinsed with 10% 
(v/v) HNO3 and washed extensively with double distilled 
water to remove any other interfering materials present. Stock 
solution of cadmium chloride was prepared by dissolving 
1.6306 g in 200mL of Milli-Q water and final volume was 
made up to 1000 mL with Milli-Q water. This stock solution 
contains 1000 mgL-1 of Cd (II) and solutions containing 
different concentrations of Cd (II) were prepared by diluting 
the stock solution appropriately. The cadmium levels were 
measured by using a flame atomic absorption spectrometer 
(GBC 932 plus, Australia). A standard solution of cadmium 
(1000 mg L-1) was used for atomic spectrometer which was 
procured from Sisco Research Laboratories (India). Affigel-10 
used for immobilization of protein was procured from Bio-Rad 
laboratories.

To evaluate if the immobilized MoCP can bind the metals 
the following experiments were done. The gel prepared above 
was packed into a column of 2 ml and equilibrated with 25 mM 
phosphate buffer pH 7.4. The gel prepared was completely used 
to enable optimal binding  using a rotator  over night in cold.

The column was washed with de-ionized Milli-Q (Millipore) 
water. To the gels, 4 ml of (30 mg/l) cadmium metal ion was 
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added and rotated for six hours at 4oC to ensure optimal 
binding.  Under different conditions discussed below, the 
unbound solution was collected; the gel was washed with de-
ionized Milli-Q water for removing the excess metal ions. The 
bound metal ions were eluted using 0.15 M HCl. The metal 
concentrations were measured using flame atomic absorption 
spectrometer (GBC 932 plus, Australia). The wavelength used 
for analysis of the metal in this study was 228.8nm. The effect 
of different pH solutions on the equilibrium adsorption of 
Cd(II) ions was investigated at a wide range of pH values (pH 
2.0, 3.0, 4.0, 5.0, 6.0, 7.0).  Further studies such as the binding 
efficiency at different time points, concentrations of metal ions 
were conducted at pH 6.0.

The adsorption isotherms of cadmium binding at different 
concentrations was analysed by two adsorption isotherms, 
Freundlich and Langmuir adsorption isotherms. The 
Freundlich isotherm represented by the  equation  = Log qe  = 
log Kf + (1/n) log Ce ; where Ce (mg L−1) is the equilibrium 
concentration; qe (mg g−1) is the amounts adsorbed per 
specific amount of adsorbent at equilibrium, Kf (mg g−1) and 
n are constants which are adsorption capacity and intensity of 
adsorption, respectively.

Nanoparticles preparation and characterization of MoCP
For the preparation of nanoparticles, the procedure described 
by (44) with minor modifications was adopted. Purified MoCP 
10 mg was dissolved in 500μl of 1x PBS buffer of pH 7.4 and 
kept on ice for 5 min. 15 ml olive oil was added drop wise with 
continuous stirring on a cyclomixer. 

This emulsion was sonicated 15times, for 30sec with 1min 
gap. The sample was frozen in liquid nitrogen immediately for 
10 min. It was then kept at 40C for 4 hours and the nanoparticles 
pellet was collected by centrifugation at 10000 rpm for 10min. 
The residual oil was removed by washing the pellet with chilled 
diethyl ether 3-4 times. The clear pellet was dissolved in 20 mM 
PBS buffer pH 7.4 and the nanoparticles sample was stored at 
40C.

The nanoparticles prepared were characterized by SEM 
(PHILIPS FEI-XL ESEM, USA). The sample was uniformly 
dispersed on a clean glass cover slip using a spin coater and 
dried in a dust free zone. It was studied under SEM following 
manufacturer’s instructions. For SEM analysis of sample 
metal stubs were coated with double-sided adhesive tape, the 
cover slip with nanoparticles sample was kept on the sticky 
surface and sample was coated with gold in Sputter Coater. 
Samples were stored in dry, dust free environment during 
the analysis.  The size and morphology of the samples were 
studied.

Results 
Extraction, isolation and purification of MoCP                                            
This was done as described under the methods. The protein 
fractions eluted with 0.7M NaCl from the CM-52 cellulose 
contained MoCP protein when analyzed by SDS-PAGE 

analysis (results not shown). The protein fractions containing 
the MoCP were pooled, concentrated and separated on 
a Sephadex G-100 gel to remove minor contaminating 
proteins. MoCP eluted as a single major peak from the gel 
(data not shown) corresponding to a molecular mass of 13 
kDa.  Aliquots of this fraction on SDS-PAGE under reducing 
conditions exhibited a molecular mass of 6.5 kDa (monomer 
of MoCP) (Fig. 1). Purified MoCP was immobilized to affigel 
at a concentration of 4-5 mg/ml gel.  

Figure 1. Elution profile of the proteins from the extracts of the 
seeds on CM-Cellulose gel using 0.7M NaCl, and inset : 10% SDS-
PAGE analysis of the fraction 9 from 0.7 M NaCl eluates under 
reducing conditions showing the monomer of MoCP.

                                    
Effect of pH on binding of cadmium to MoCP          
To characterize the cadmium binding to MoCP parameters 
like pH, time, and concentration of the cadmium were taken in 
our study as described under methods and the metal binding 
was estimated by flame atomic spectroscopy. The maximum 
binding was detected at pH 6 (Fig. 2). Since pH 6.0 was found 
to be optimal pH for binding, this was used in further separate 
experiments.

                                                                                     

Figure 2. Effect of pH on binding of cadmium to MoCP showing 
maximum binding at pH 6.                            
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Effect of time on binding of cadmium to MoCP                                            
Time is an important parameter to determine the binding 
efficiency of metals to the adsorbent. The binding efficiency 
of cadmium to MoCP was analysed at different time intervals 
(5, 10, 20, 30, 60, 180, 360, 480 and 600 minutes respectively).  
The maximal binding was observed at 240 min. The cadmium 
adsorption increased with increasing the contact time, the 
maximum removal of cadmium as is evident from the (Fig. 3).  
From the figure it is clear that at 180 min there is maximum 
removal of cadmium from the solution beyond which there is 
no significant change.      

Figure 3. Effect of time on binding of cadmium to MoCP showing 
maximum binding at 180 min.
                                  
Effect of metal concentration on its binding to MoCP                                      
The binding efficiency of different concentrations of the metal 
ions (10, 20, 30, 40, 50, 60, 70, 80, 90, 100 and 110 mg/l) to 
MoCP was analysed and 30 mg/l was found to be the optimal 
concentration (Fig. 4).

Figure 4. Effect of metal concentration on binding to MoCP.                                  

Adsorption kinetics   
The equilibrium metal uptake qe (mg.g-1) and the sorption 
efficiency (%) was calculated according to the mass balance 
equations:    

Amount of adsorption: qe (mg.g-1) = [(co - Ce) v] / m           (1) 
Sorption efficiency: % = [(co - c) 100] / co		            (2)               

Where co and ce are the initial and equilibrium 
concentrations (mg.l-1), V the volume of solution (L), m is 
the weight of the protein used (g), and the c is the solution 
concentration at the end of the sorption process.  The 
information on the kinetics of solute uptake is necessary to 
select the optimum operating conditions for full-scale batch 
process. In this study we have used two different models to 
study the mechanism of cadmium biosorption. This was 
studied using two models pseudo first order and pseudo 
second order. The data was better fitted with pseudo second 
order. The pseudo first order model derived by Lagergren and 
is one of the most widely used models for the biosorption of 
solutes from a liquid solution.  It is expressed in the following 
equation:

Log (qe −qt) = log (qe) −Ks1 / 2.303×t; where qe and qt 
are the amount of metal ions adsorbed on the adsorbent at 
equilibrium and at any time t (mg g−1) respectively. Ks1 
(min−1) is the Lagergren constant of the pseudo first order 
biosorption. The pseudo second order model assumes that 
biosorption follows a second order mechanism, so that the 
rate of occupation of biosorption sites is proportional to the 
square of the number of occupied sites. The pseudo second 
order model expressed as t /qt = t /qe + 1 /k2q

2
e;  where k2 is 

the equilibrium rate constant of the second order biosorption 
(g mg−1 min−1). The pseudo-second order rate constant 
k2 and the value of qe were calculated from the plot of  t/qe 
versus t (Fig. 5)

Figure 5. Pseudo second order kinetic model for adsorption of 
Cadmium to MoCP.

                        
Adsorption isotherms
The results suggest that a plot of log qe versus log Ce in figure 6 
represents a measure of linearity involved. The data was better 
fitted in Freundlich equation (Fig. 6).
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Figure 6. Freundlich isotherm of cadmium binding to MoCP.

Preparation and characterization of MoCP nanoparticles

For the preparation of MoCP nanoparticles, methods 
standardized in our laboratory for protein nanoparticle 
preparation was used (40).

Scanning Electron Microscopy (SEM) 

MoCP nanoparticles were prepared and characterized. For 
SEM analysis the nanoparticles were prepared as described 
under methods.  The results are shown in (Fig. 7a).  From this 

it is evident that different size of MoCP nanoparticles could 
be obtained in the study in the range of 70±5nm. In order to 
confirm the authenticity of these nanoparticles, these were 
separated on a SDS-PAGE along with purified MoCP and the 
proteins transferred to a nitrocellulose membrane as described 
under methods. The fact that the nanoparticles also showed a 
immunoreactivity with the MoCP antibody suggests that the 
nanoparticles indeed are those of MoCP (Fig 7b).                                  

However, the presence of additional bands (starred) in 
addition to the MoCP band seen is possibly because of the 
aggregated nature of nanoparticles obtained during the 
preparation. 

Discussion
The importance of M. oliefera plant and its seed material as an 
interesting source to study various aspects of phytochemistry, 
proteins and medicine has been growing over the past few years 
(45). Our laboratory also has isolated and purified from the 
seeds of this plant a coagulant protein MoCP and also raised an 
antibody for the same (38) additionally a α-mannosidase was 
also purified from the seeds and biochemically characterized 
(46).Our recent interest has also been to explore and identify 
what components in some seed materials are involved in 
removing metals from aqueous solutions.  As a first step towards 
this, we recently characterized the proteins and polysaccharides 
from Strychnos potatorum seeds (31). We further found that 
the proteins isolated from these seeds specifically were able 

Figure 7.  a and b). SEM analysis of MoCP nanoparticles.  c). Immuno-reactivity of the 
MoCP nanoparticles (lane 1) and isolated MoCP (lane 2) with an antibody to MoCP. 

*represents possible aggregates of nanoparticles reactive to antibody. 
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to remove cadmium from aqueous solutions (31).The present 
study was initiated to understand the role of MoCP in binding 
of cadmium from aqueous solutions.  MoCP has been studied 
by various researchers and has been designated as a coagulant 
protein that clarifies turbidity from suspensions (37). Cadmium 
toxicity has been identified as one of the important health hazard 
for humans as well as for the plants.  Therefore identifying 
the components that can effectively remove cadmium from 
solutions and prepare appropriate methods for their utility for 
usage both in vivo and in vitro is important.  Having isolated 
the MoCP, we attempted to prepare nanoparticles, as recent 
studies using seed powder, protein loaded nanoparticles in 
various fields of research gained considerable attention in 
this field (38, 39). Thus this  investigation t not only showed 
that MoCP can bind and remove heavy metals and the 
nanoparticles prepared showed effective nanosize dimensions 
that have been confirmed to be MoCP by immune reactivity 
with the antiserum. Additional investigations are initiated to 
check the efficacy of these nanoparticles potential to apply 
in water purification (e.g coupling protein nanoparticles to 
gels, immobilizing them over a glass which will have wider 
applications.

The binding of cadmium to nanoparticles synthesized 
and the nanoparticles should be immobilized to affigel and 
analysis of the adsorption kinetics of cadmium will be our 
future direction of work. In summary, this is the first report 
to show that MoCP effectively binds cadmium and helps in 
removing the same from aqueous solutions. Furthermore, the 
purified MoCP prepared as nanoparticles for the first time were 
authenticated by their size and immune-reactivity with specific 
antibody giving enough scope to use these nanoparticles for 
further evaluating their potential as possible protein sensors for 
detection of heavy metal contamination in aqueous solutions 
which is the future direction of work in our laboratory.  

 
Conclusion                                                                                      
Seeds of M. oleifera and different parts of the plant have been 
shown to contain a wide variety of biologically important 
components and one of the seed proteins that has been of 
interest is the coagulant protein. In an earlier study we isolated 
this protein and also raised a polyclonal antiserum for this in 
a rabbit. In the present work MoCP was isolated in order to 
study its role in the cadmium binding and the results indicate 
immobilized MoCP has a potential role in cadmium adsorption 
and this is dependent on the pH, time of incubation as well 
as temperature. Maximum adsorption for cadmium was at 
pH 6.0 and the equilibrium was attained at time.  Adsorption 
processes differ depending on the matrix  used, the  processing 
of the biomass and solution chemistry (1). Adsorption types 
are differentiated as “physiosorption” if the attraction between 
the solid surface and the adsorbed molecules is physical in 
nature. Generally, in physical adsorption the attractive forces 
between adsorbed molecules and the matrix surface are van 
der Waals forces and they being weak result in reversible 
adsorption. On the other hand if the attraction forces are due to 

chemical bonding,  it is called as “chemisorption”. In view of the 
higher strength of the bonding in chemisorption, it is difficult 
to remove chemisorbed species from the  surface of the matrix. 
Preliminary results on the nanoparticle preparation revealed 
that the nanoparticles are indeed of the MoCP and our future 
we would like to extensively characterize these nanoparticles 
for their efficiency in cadmium binding and their possible uses 
as biosensors for cadmium detection at optimal and under 
toxic conditions.     

Acknowledgments                                                                                      
The authors thank UPE-2 (UGC) and University of Hyderabad for 
the financial support. The authors are grateful to Dr. Mohammad 
Mansour Saleh Saif and Dr. A.Venugopal for useful discussions.  The 
authors also thank the DST-FIST, New Delhi, UGC-SAP-DRS-1, New 
Delhi for the infrastructural and financial support.

Conflict of interest statement

The authors declare there is no conflict of interest.

References
1.	 Lalhruaitluanga H and Prasad MNV (2015) Removal of heavy 

metals from aqueous solutions through biosorption. In,  Current 
applications of biotechnology, In Eds.  Dündar M,  Bruschi F,  Gartland 
K,  Magni MV, Peter Gahan P and Deeni Y. Erciyes University, Kayseri, 
Turkey. 87-102

2.	 Adelaja OA,  Amoo  IA,  Aderibigbe  AD.  Biosorption  of  Lead  
(II)  ions  from  aqueous  solution  using  Moringa oleifera pods. 
Archives of Applied Science Research 2011; 3(6), 50-60. 

3.	 Agbahoungbata MY, Fatombi JK. Removal of reactive dyes from 
their aqueous solutions using Moringa oleifera seeds and Grewia 
venusta peel. Desalination and Water Treatment 2016; 57(47): 
22609-22617.

4.	 Akhtar M, Hasany SM, Bhanger, MI, Iqbal, S, Sorption potential of  
Moringa oleifera pods for the removal of organic pollutants from 
aqueous solutions. Journal of Hazardous Material 2007; 141, 546–
556.     

5.	 Al-Anizi AA,  Hellyer MT,  Zhang D. Toxicity assessment and 
modelling of Moringa oleifera seeds in water purification by whole 
cell bioreporter Water Research 2014; 56, 77-87

6.	 Alves VN, Coelho NMM. Selective extraction and preconcentration 
of chromium using Moringa oleifera husks as biosorbent and flame 
atomic absorption spectrometry Microchemical Journal 2013; 109, 
16-22

7.	 Amadi N,  Tanee FBG. Efficacy of Moringa oleifera as a 
phytoextraction plant in the remediation of heavy metals polluted 
soil. Afr J Plant Sci 2014; 8(12): 546-553.

8.	 Cai Y, Luo Y, Dong H, Zhao X,  Zheng M. Hierarchically porous 
carbon nanosheets derived from Moringa oleifera stems as 
electrode material for high-performance electric double-layer 
capacitors Journal of Power Sources 2017; 353 (15) 260-269

9.	 Sharma P. Removal of Cd (II) and Pb (II) from aqueous environment 
using  Moringa oleifera  seeds as biosorbent: a low cost and 
ecofriendly technique for water purification Trans.  Indian  Inst  Met 
2008;  61(2-3) 107-110

10.	 Daniel IB, Agho MO. Alarming fluoride concentrations of water 
samples from boreholes in Bama community and remediation 
with Moringa oleifera. Int J Water Soil Res 2004; 1(1): 13.

11.	 Freitas JH, de Santana KV, do Nascimento AC, de Paiva SC, de 
Moura MC, Coelho LC, de Oliveira MB, Paiva PM, do Nascimento 
AE, Napoleão TH. Evaluation of using aluminum sulfate and water-



292  |  VOLUME 1 ISSUE 4  |  OCTOBER 2017    www.eurobiotechjournal.org

soluble Moringa oleifera seed lectin to reduce turbidity and toxicity 
of polluted stream water. Chemosphere 2016; 163, 133-141.

12.	 George KS, K. Revathi KB, Deepa N,  Sheregar CP,  Ashwini TS, Das 
S. a study on the potential of Moringa leaf and bark extract in 
bioremediation of heavy metals from water collected from various 
lakes in Bangalore, Procedia Environmental Sciences, 2016; 35,  
869-880

13.	 Gupta S, Jain R, Kachhwaha S, Kothari SL. Nutritional and medicinal 
applications of Moringa oleifera Lam.—Review of current status 
and future possibilities. Journal of Herbal Medicine, 2017In press, 
accepted manuscript, available online 2 August 

14.	 Kardam A, Raj KR, Arora KJ, Srivastava MM, Srivastava S, Artificial 
neural network modeling for sorption of cadmium from aqueous 
system by shelled Moringa oleifera Seed Powder as an Agricultural 
Waste.  Journal of Water Resource and Protection 2010; 2, 339-344. 

15.	 Kerdsomboon K, Tatip S,  Kosasih S, Auesukaree C. Soluble Moringa 
oleifera leaf extract reduces intracellular cadmium accumulation 
and oxidative stress in Saccharomyces cerevisiae Journal of 
Bioscience and Bioengineering 2016; 121,  543-549

16.	 Mataka  LM,  Henry  EMT,  Masamba  WRL,  Sajidu  SM. Lead  
remediation  of  contaminated  water  using Moringa  stenopetala  
and  Moringa  oleifera  seed  powder.  International  Journal  of  
Environmental  Science  and  Technology 2006; 3(2), 131-140. 

17.	 Matouq M, Jildeh N,  Qtaishat M, Hindiyeh M,  Al Syouf  MQ. The 
adsorption kinetics and modeling for heavy metals removal from 
wastewater by Moringa pods Journal of Environmental Chemical 
Engineering 2015; 3, 775-784

18.	 Santos TR, Silva MF, Nishi L, Vieira AM, Klein MR, Andrade MB, Vieira 
MF, Bergamasco R.. Development of a magnetic coagulant based 
on Moringa oleifera seed extract for water treatment. Environ Sci 
Pollut Res 2016; 23(8):7692-700

19.	 Ramabulana T, Mavunda RD, Steenkamp PA, Piater LA, Dubery 
IA, Madala NE.Perturbation of pharmacologically relevant 
polyphenolic compounds in Moringa oleifera against photo-
oxidative damages imposed by gamma radiation. Journal of 
Photochemistry and Photobiology B Biology 2016; 156, 79-86

20.	 Reddy  DHK,  Harinatha  Y,  Seshaiaha  K,  Reddy  AVR  Biosorption  
of  Pb(II)  from  aqueous  solutions  using chemically modified 
Moringa oleifera tree leaves. Chemical Engineering Journal 2010; 
162, 626–634. 

21.	 Reddy DHK, Seshaiaha  K,  Reddy  AVR.  Leec SM.  Optimization  
of  Cd(II),  Cu(II)  and  Ni(II)  biosorption  by chemically modified 
Moringa oleifera leaves powder. Carbohydrate Polymers 2012; 88, 
1077–1086. 

22.	 Reddy DHK, Seshaiah K., Reddy AVR, Rao MM, Wang MC. 
Biosorption of Pb2+ from aqueous solutions by Moringa oleifera 
bark: equilibrium and kinetic studies. Journal of Hazardous 
Materials 2010; 174, 831–838. 

23.	 Sahabi DM, Magaji UF,  Abubakar MK, Muhammad AB. Biosorption 
Activity of Moringa oleifera Seeds Powder. International Journal of 
Innovative Research & Development.  2014; 3(13) 245-251

24.	 Sajidu  SM,  Henry  EMT,  Kwamdera  G,  Mataka  L,   Removal  of  
lead,  iron  and  cadmium  ions  by  means  of polyelectrolytes of 
Moringa oleifera whole seed kernel. WIT Transactions on Ecology 
and the Environment 2005; 80, 251-258. 

25.	 Sajidu  SMI,  Henry  EMT,  Persson  I,  Masamba  WRL,  Kayambazinthu  
D.  pH  dependence  of  sorption  of Cd 2+ , Zn 2+,  Cu 2+  and Cr 3+  on 
crude water and sodium chloride extracts of Moringa stenopetala 
and Moringa oleifera. African Journal of Biotechnology 2006; 5(23), 
2397-2401.  

26.	 Santos AFS, Paiva PMG, Teixeira JA, Brito AG, Coelho LCBB., 
Nogueira RB Coagulant properties of Moringa oleifera protein 
preparations: application to humic acids removal. Environmental 
Technology 2012; 33(1-3), 69-75. 

27.	 Sharma  P,  Kumari  P,  Srivastava  MM,  Srivastava  S,  Removal  of  

cadmium  from  aqueous  system  by  shelled Moringa oleifera Lam. 
seed powder. Bioresource Technology 2006; 97(2), 299–305. 

28.	 Suthari S, Prasad MNV. Moringa oleifera: A potential agroforestry 
tree can meet the nutritional requirements of rural people. 
(Chapter 19); pp. 489-512. In: Dagar and Tewari (eds.), Agroforestry 
for Sustainable Development. USA: Nova Science Publishers, 2016.  
(ISBN: 978-1-63485-094-0).

29.	 Tie J, Jiang M,  Li H,  Zhang S, Zhang X. A comparison between 
Moringa oleifera seed presscake extract and polyaluminum 
chloride in the removal of direct black 19 from synthetic 
wastewater  Industrial Crops and Products, 74, 530-534

30.	 Veronica  O,  Florence N,  Habauka  MK.  A  study  of  the  removal  of  
heavy  metals  from  aqueous  solutions  by Moringa oleifera seeds 
and amine-based ligand 1,4-bis[N,N-bis(2-picoyl)amino]butane. 
Analytica Chimica Acta 2012; 730, 87–92. 

31.	 Saif MMS, Kumar NS, Prasad MNV. Binding of cadmium to Strychnos 
potatorum seed proteins in aqueous solution: Adsorption kinetics 
and relevance to water purification, Colloids Surf B: Biointerfaces  
2012; 94, 73-79. 

32.	 Fu F, Wang Q. Removal of heavy metal ions from wastewaters: a 
review. J Environ Manage 2011; 92(3): 407-418. 

33.	 Demirbas, A. Heavy metal adsorption onto agro-based waste 
materials: a review. J Hazard Mater 2008; 157(2-3): 220-229

34.	 Krishnani, KK, Ayyappan S. Heavy metals remediation of water 
using plants and lignocellulosic agrowastes. Rev Environ Contam 
Toxicol 2006; 188: 59-84.

35.	 Saif MMS, Kumar NS, Prasad MNV. Plant based excipients – The 
case of Strychnos potatorum seed polysaccharide nanoparticles. 
Pharma Bio World  2014; (11) 44-48.

36.	 Ngah, WSW, Hanafiah MA. Removal of heavy metal ions from 
wastewater by chemically modified plant wastes as adsorbents: a 
review. Bioresour Technol 2008; 99(10), 3935-3948.

37.	 Gassenschmidt U, Jany KD, Tauscher B, Niebergall H. Isolation and 
characterization of a flocculating protein from Moringa oleifera 
Lam. Biochim Biophys Acta 1995; 1243(3), 477-481.

38.	 Ghebremichael KA, Gunaratna KR, Henriksson H, Brumer H, 
Dalhammar G. A simple purification and activity assay of the 
coagulant protein from Moringa oleifera seed. Water Res 2005; 
39(11): 2338-2344

39.	 Tejavath KK, Nadimpalli SK. Understanding the roles of proteins 
in plant seeds with gel electrophoresis. Separation Science 2010; 
2(2): 20-26

40.	 Venugopal A, Kumar BSG, Mohiddon MA, Krishna MG, Kumar 
NS. Facile synthesis of biodegradable affinity-purified lectin 
nanoparticles. Cogent Chemistry 2016; 2(1): 1230951.

41.	 Saif MMS, Khan I, Prasad MNV, Kumar NS. Preparation and 
Characterization of  Strychnos potatorum L. seed polysaccharide 
nanoparticles and affinity matrices: relevance to biological 
applications. Adv Sci Eng and Med 2014; 6, 1–8.  

42.	 Sajithkumar K.. Visakh, et al J.PM.. Moringa oleifera (Drum Stick 
Vegetable Fibre) Based Nanocomposites with Natural Rubber: 
Preparation and Characterizations. Waste and Biomass Valorization 
2016; 7(5): 1227-1234

43.	  Laemmli UK. Cleavage of structural proteins during the assembly 
of the head of bacteriophage T4. Nature 227 1970; (5259): 680-685.

44.	 Krishna ADS, Mandraju RK, Kishore G, and Kondapi AK (2009)An 
efficient targeted drug delivery through apotransferrin loaded 
nanoparticles. PLoS One. 2009; 4(10): e7240.

45.	 Leone A, Spada A,  Battezzati A,  Schiraldi A. Cultivation, Genetic, 
Ethnopharma-cology, Phytochemistry and Pharmacology of 
Moringa oleifera Leaves: An Overview. Int J Mol Sci 2015, 16(6): 
12791-12835.

46.	 Tejavath KK, Kumar NS. Purification and characterization of a class II 
alpha-Mannosidase from Moringa oleifera seed kernels. Glycoconj 
J 2014; 31(6-7): 485-496.


