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ABSTRACT

Moringa oleifera (Moringa) seeds contain a natural cationic protein (MOCP) which has
flocculant and antimicrobial properties. As aresult, it is used for water clarification. However,
use of Moringa seeds to clarify water does not produce potable water. Although the water is
initially clarified and drinkable, dissolved organic matter (DOM) is left over in the water. DOM
contributes to growth of any pathogens that come into contact with the stored water. This results
in water that, once clarified, must be used immediately and cannot be stored for any amount of
time. A new way of using Moringa seeds to clarify drinking water has been developed. This
new method allows the flocculant and antimicrobial properties of the MOCP to be maintained
and the DOM to be rinsed away. This is achieved through adsorption of the MOCP to the
surface of sand. The result is MOCP functionalized sand, or f-sand. It has been shown that the
protein remains adsorbed onto the sand and the ability of the antimicrobial functionalized sand
(f-sand) to clarify turbidity and kill bacteria is maintained’. The presence of MOCP on the
surface of the sand was confirmed through SDS-PAGE and mass spectrometry and the
adsorption of the protein was studied briefly using absorbance at 280 nm. The DOM was shown
to be significantly reduced in solution treated by measuring biochemical oxygen demand (BOD)
and chemical oxygen demand (COD). The functionalized sand was shown to be effective after
being stored wet, as well as after being dehydrated and stored dry. This confirms f-sand’s

potential as alocally sustainable water treatment option for developing communities.
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INTRODUCTION

Moringa oleifera, or the “miracle tree’ has many beneficial properties. Its leaves and
seed pods contain high levels of nutrients and protein and are harvested and eaten. The dried
seed cake can be pressed to produce high quality oil for use in cooking and cosmetics and is a
potential avenue for economic prosperity.? The areas of the world in which the tree grows
(mostly equatorial regions) 3, coincide with the parts of the world that are most in need of the
advantages that Moringa oleifera (Moringa) has to offer.* Most notably, the seeds of the
Moringa tree can be crushed and used to treat drinking water. Treating drinking water is a
problem that many developing communities face.”> This paper will focus on studying a new

method for using the seeds of Moringato treat drinking water.

The seeds of the Moringa tree (Figure 1) contain a cationic, antimicrobial protein
(MOCP). This protein removes negatively charged particles from solution resulting in a
reduction in turbidity. Since most bacteria are negatively charged, the protein also removes
bacteria from solution.® MOCP also has antimicrobial functionality which results from a
“molecular knife” structure. This contains a hydrophobic proline within a helix-loop-helix motif
surrounded by positively charged portions of the protein. Bacteria are electrostatically attracted
to the positive sections allowing the hydrophobic proline loop to disrupt the cell wall. These

properties are discussed thoroughly in the literature. "8 9101112



Figure 1. Whole, dried Moringa seeds from ECHO seed bank.

A significant problem with using Moringa oleifera to clean drinking water is the presence of
dissolved organic matter in the clarified water 2. This organic matter contributes to re-growth of
pathogens and prevents the clarified water from being potable. In order for the water to be stored
and used at a later time, the water must be further treated to remove the organic matter which

costs additional time and money and complicates the procedure.

In previous studies, MOCP was electrostatically adsorbed onto sand to form MOCP-
functionalized sand, or “f-sand.” The f-sand could be rinsed to remove excess organic matter in
solution, while the MOCP remained adhered to the sand surface. It was proven that the
immobilized protein retained its flocculant and antimicrobial activity while the resulting treated

water contained significantly less dissolved organic material. This initia research confirmed that



f-sand is very effective at removing turbidity from solution and is an extremely promising
technology for implementation in developing communities. Use of Moringa, specificaly f-sand,
could enable a community to become more prosperous. The entire process can be sustained
within one community and requires no outside expertise, expensive supplies, eectricity, or

environmentally unsafe chemicals®.
In thiswork, | examine two research objectives:

e Storability. | examine whether seed stored under both wet and dry conditions for
two months retains its effectiveness at clarifying turbid solutions and
optimization of f-sand, and the

e ldentity of the protein on sand. | adsorb the Moringa protein onto sand, desorb
it a high sadt, and check its composition with sodium dodecyl sulfate

polyacrylamide gel electrophoresis (SDS-PAGE) and mass spectrometry™.



MATERIALS AND METHODS

f-sand Production: We make f-sand by incubating clean sand with Moringa extract containing
MOCP. To make Moringa extract, whole Moringa seeds (including shell and wings) were
crushed using mortar and pestle. Approximately 1.0 gram or about 4 seeds were added to 40 mL
of deionized water. The solution was agitated by rolling in a 50 mL centrifuge tube for one hour.
At the end of one hour, the centrifuge tubes were stood upright for 40 minutes to alow the large
particles within the serum to settle to the bottom. After settling, the top 30 mL of serum were
pulled off. For each batch of f-sand approximately 2.0 grams of sand was used. The amount of
Moringa serum added to the sand was varied depending on the purpose of the experiment.
Initially, 10 mL of serum was used for each 2.0 grams of sand, corresponding to about 0.5 seeds
per gram of sand. For the optimization studies, the serum was diluted with deionized water
before adding it to the f-sand. After optimization it was found that 0.25 mL of serum could be
used for 2.0 grams of sand. This corresponds to about 0.125 seeds per gram of sand. Following
incubation, each sample of sand was rinsed at least ten times with approximately 10 mL of

deionized water. Wet stored samples were stored in approximately 10 mL of deionized water.



¥
*
£

(a) (b) (c) (d)

(e) (f) (9) (h)

Figure 2. Process for production of f-sand. The process is shown on the individual sand grain
(ard) and for the batch process (e-h). The anionic sand grains (a, €) are soaked with Moringa
serum containing MOCP (b, ). After removal of the Moringa serum, the MOCP remains adhered
to the surface of the sand grains (c, g). Anionic particles, including bacteria, can then adhere to

the cationic functionalized sites on the sand grains (d, h) '

Turbidity Reduction Studies: To determine if f-sand retained its functionality after
optimization, dehydration, or storage, a turbidity reduction study was done using UV-Vis. A
kaolin clay solution was used as a model turbid solution for al studies and the efficacy of the f-
sand was determined based on how well it removed kaolin from solution as measured with
absorbance. The kaolin suspension was prepared by adding 5.0 grams of dry kaolin powder to
1.0 L of deionized water. The solution was stirred for one hour and then was allowed to settle for
24 hours. The supernatant was removed and stored as a stock kaolin solution. A calibration curve
of absorbance versus concentration was prepared for each stock solution. Before each
experiment the solution was sonicated for 30 minutes and the absorbance was then measured at

650 nm using a Helios ThermoSpectronic UV-Vis spectrophotometer. If the absorbance was
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above 1.0, the solution was diluted appropriately and tested again to ensure absorbance below
1.0. To test the f-sand’s ability to reduce turbidity, 2.0 grams of f-sand were added to a 15 mL
centrifuge tube along with 6.0 mL of kaolin solution. The solution was agitated by gentle rolling
and absorbance was measured at 650 nm every 10 minutes for the duration of the experiment (at
least one hour and up to three hours). To test the absorbance, the tubes were set upright and the
sand was allowed to settle. Each sample was taken with a disposable pipette and measured in a
disposable cuvette. Each absorbance sample was returned to the centrifuge tube to continue

rolling until the next time point '.

Optimization, Dehydration, and Storage: To optimize the amount of Moringa seed needed to
functionalize sand, Moringa serum was prepared and diluted with deionized water. It was diluted
to 50% (approximately 2 seeds per 10mL serum), 25% (approximately 1 seed per 10mL of
serum) and 12.5% (approximately 0.5 seeds per 10 mL of serum) of itsinitial concentration. The
diluted serum was used to make f-sand following the original process described. Each dilution
was tested for effectiveness using a turbidity removal test as previously described. To test the
storability of f-sand, sand was prepared and stored in approximately 10 mL of deionized water
for varying lengths of time (up to 22 days). The f-sand was then used in turbidity removal tests to
determine whether it retained its ability to remove turbidity from solution. To determine whether
the sand could be dehydrated and stored dry, f-sand was prepared as described above. The sand
was then removed from the centrifuge tubes using disposabl e pipettes and placed on small plastic
petri dishes. The excess water was removed and care was taken to ensure that sand wasn't

removed with the water. The sand was allowed to dry at room temperature overnight. The sand



was then stored dry in 15 mL centrifuge tubes for up to 4 months and turbidity remova tests

were performed as described.

Protein Isolation and Identification: To confirm that f-sand’s flocculant and antimicrobial
activity was due to MOCP adsorbed to the surface, the protein was removed from the surface of
the sand by incubation in salt solutions. 35 grams of f-sand was prepared as described and
transferred to a glass petri dish where it was incubated with 0.30 M NaCl. The sand was agitated
for 10 seconds and then incubated 10 minutes before the 0.30 M NaCl solution was removed
with a disposable pipette. This incubation procedure was repeated with 0.60 M NaCl. The
absorbance of both solutions was measured at 280 nm. The 0.30 M NaCl showed no significant
absorbance but the 0.60 M NaCl solution did show absorbance at 280nm indicating presence of
protein in the solution. The 0.60 M NaCl solution was sent to the Proteomics and Mass
Spectrometry Core Facility at Penn State for anaysis. SDS-PAGE using a 12% Mini-PROTEAN
® TGX TM Precast Gel in a Mini-PROTEAN e ectrophoresis cell was used to study the
solution. The resulting band was digested and analyzed using mass Spectrometry to determine
the isoelectric point and the amino acid sequence. A match between the isoelectric point and the
amino acid sequence reported in the literature would indicate that MOCP is in fact the protein

adhered to the surface of the sand.



RESULTS AND DISCUSSION
The flocculant and antmicrobial activity of MOCP in bulk solution has been studied and

explained in the literature™®*

and it has been shown that f-sand retains this functionality (figure
3). This indicates that the active protein MOCP remains adhered to the surface of the sand after
rinsing the excess Moringa extract away . In order to confirm this conclusion, it was necessary
to conduct studies to confirm the identity of the protein on the surface of the sand. To maximize

the potential of this discovery, optimization of the amount of seed needed to functionalize sand

was studied along with the storability of the f-sand.
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Figure 3. Kaolin is removed from solution using f-sand and no removal is measured when kaolin

solution is treated with bare sand. The average removal rate was 83% of kaolin in one hour

using 2 grams of f-sand. Inset: the kaolin remova of f-sand is demonstrated. (a) f-sand treated

kaolin suspension. (b) the same suspension treated with bare sand. The f-sand treated sample is

visibly less turbid than the sample treated with bare sand®.



The turbidity removal ability of f-sand is comparable to that of the bulk Moringa solution.
Leafound that Lea found that bulk Moringa solution could reduce high turbidity solutions by 80-
99.5%". It is unknown at this time why the bulk Moringa solution is capable of removing high
percentages of turbidity in shorter periods of time. The percentage of turbidity removal that the f-
sand is capable of achieving within one hour depends on the initial turbidity level. In less turbid
solutions, the f-sand will be limited by the diffusion of the contaminant particles to the sand
surface. It is also possible that the kinetics of the turbidity removal process are altered when the
protein becomes adhered to a surface. If this is the case, it may be possible to optimize the

kinetics of the system to increase turbidity removal.

In order to maximize the potential of this technology, it is important to maintain a high
level of turbidity removal while using the least resources possible. Optimization was
accomplished through dilution of the original Moringa serum and testing using turbidity removal
tests. The results of these tests were compared to the original recipe f-sand as well as bare sand
and an untreated kaolin solution over time. The result indicated that the original formulation
could be diluted to 25% but not as far as 12.5% (figure 4). This indicates that water could be
clarified using approximately 40 seeds per liter of water. The current method of using Moringa
requires just 1 seed per liter of water. Our result is still far from this efficient. The preparation of
f-sand should be further studied and optimized to approach the 1 seed per liter that is currently

used®.
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Figure 4. Preparation of f-sand was optimized to reduce Moringa seed usage by 75%. 1 seed can
be used to functionalize 6 grams of sand and achieve the same kaolin clearance as the initia

formulation (4 seeds to functionalize 6 grams of sand).

To determine the storability of f-sand, f-sand was prepared as described and was stored
wet for up to 22 days, or dehydrated, and stored dry for up to 4 months. No decrease in activity
was observed in stored f-sand, wet or dry. The f-sand was prepared periodically throughout the
test period and al samples were tested on the same day to eliminate any operational error or
differences in the system behavior due to environmental factors such as temperature and
humidity. Differences in the kaolin removal curve were observed for dry versus wet stored sand
(figure 5). Although both reach the same final removal, the dry stored sand follows a shallower

curve. It is important that f-sand retains its kaolin removal ability after dehydration and storage
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because making f-sand in large batches for storage and later use eliminates the need for a
community to make a fresh batch of f-sand each time they want to drink, cook, or bathe. Potable

water can be available on a much shorter time scale, which is much more convenient.
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Figure 5. Kaolin removal ability of wet and dry stored sand is compared. Wet and dry stored
sand both achieve significant kaolin remova compared to plain sand and untreated kaolin
solution. The dry stored sand follows a shallower curve and does not achieve as much kaolin
remova in the first 40 minutes. This graph shows average removal of at least 10 samples

prepared in triplicate for both the wet and dry sand.
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To confirm the presence of MOCP on the sand surface, the protein was eluted from the
surface using salt solutions. After each salt rinse, absorbance at 280 nm was used to confirm the
presence of protein in the solution. Solutions with protein present were analyzed and compared
to literature values. MOCP has been shown to be a cationic dimeric protein. Each monomer has a
molecular weight of 6,500 Da. The isoelectric point of the protein is between 10 and 11.° SDS-
PAGE and mass spectrometry were used to confirm that the molecule adhered to the sand
surface had these characteristics. The SDS-PAGE yielded a single band at 6,500 Da. Upon
digestion of this band and analysis via mass spectrometry, the amino acid sequence was found to
match the amino acid sequence reported by the National Center for Biotechnology. The isolectric
point was found to be 10.8, within the reported literature values®. This analysis confirms that
MOCEP is adhered to the surface of the sand. The lack of other proteins adsorbed to the sand is
most likely attributed to MOCP's positive charge and to its small size and corresponding high
diffusion coefficient.' This is important to the further development of this water treatment
technology because it confirms that the f-sand is functionalized with the suspected protein and
that no optimization will be necessary to prevent other proteins from adsorbing to the sand
surface. Absorbance at 280 nm and the Beer-Lambert Law are often used to find relative
concentrations of protein in solution. Some methods exist for estimating the absorption
coefficient necessary for using the Beer-Lambert Law but in order to find the actual
concentration of protein in the solution, a calibration curve should be developed for MOCP.
Preliminary analysis showed that increasing the amount of Moringa extract used to make the f-

sand increased the absorbance at 280 nm of the corresponding salt solution.
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CONCLUSION

Moringa alone has been shown to provide many extremely important benefits to the
communities in which it is grown. Its use to treat drinking water has been promoted and
developed by the Peace Corps. Moringa can be used to produce clean and safe drinking water
easily, inexpensively and quickly. Finding a way to use Moringato produce potable water would
provide a socidly, environmentally and economicaly sustainable way for a developing
community to gain access to potable water. Previous work has shown that MOCP retains its
functionality when adhered to the surface of sand and the problematic excess organic matter is
rinsed away. In this work, it has been shown that the previously studied antmicrobial MOCP

protein isthe only protein that is adhered to the surface of the sand.

Having immediate access to potable water is convenient for developing communities and
reduces the amount of time that must be spent treating water. Additionally, it is convenient if the
f-sand can be stored easily and used when needed. In this work, it was shown that f-sand can be
stored wet for up to 22 days or dehydrated and stored dry for up to 4 months. This is convenient
because the f-sand can be produced when seeds are available. Storing the f-sand instead of the
unused seeds reduces the risk of loss to animals or bugs. It also allows community members to

obtain clean drinking water within an hour even if the store of potable water is used up.

In order for this process to be implemented and be sustainable, the process must be
optimized. The optimization process was begun in this work with optimization of the amount of
seed material needed to maintain turbidity remova functionality. The amount of seed necessary
was reduced by 75%. This result should be replicated with bacterial studies before
implementation in an actual community. In addition, the rest of the process must be optimized.

The amount of f-sand necessary to treat a given volume of contaminated water with a given
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bacterial concentration should be determined. The surface area of the sand and quality of the
seeds must aso be taken into consideration. Further work is being conducted to determine if
seeds harvested at different points in their life cycle have different concentrations of MOCP.

This would impact the optimization process.

This process is still far from being implemented in a developing community but previous
work and the results shown here indicate that this is a promising possibility for combating the
worlds problem with access to drinking water. Use of Moringa to treat water in developing
communities would increase the health of community members in a way that is empowering to
the community and provides additional opportunities such as the nutritional benefits of
incorporating the leaves into their diets or the economic benefits of selling the high quality oil

pressed from the seedcake.
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