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Abstract - Flocculation as a pre-separation method can help make production of biodiesel from microalgae
economically feasible. In a previous study, Moringa oleifera seed flour (1 g.L') was shown to be a very
efficient flocculant for Chlorella vulgaris, a microalga with high potential for biodiesel production. In this
study, several aspects of C vulgaris flocculation mediated by Moringa were investigated in order to optimize
the separation of this biomass. Flocculation efficiency was the same with seeds from different origins and lots.
The stationary growth stage was best for harvesting C vulgaris cells to carry out flocculation efficiently
(93%). The use of flour extracts and cake extracts generated the best cost-benefit ratio (flocculation efficiency
from 78 to 97% with a saving in mass of seed of 75%). The highest efficiency was reached with extracts
prepared with seawater and NaCl solutions which have high salt concentration. Reasonable stability of the
extract allows its use for up to two weeks, provided it is kept at low temperature (4 °C).

Keywords: Moringaoleifera; Microalgae; Chlorella vulgaris; Biomass separation; Flocculation.

INTRODUCTION

The use of biofuels has increased in the world-
wide energy mix, with some countries mandating
minimum blending of biodiesel with petroleum die-
sel. In Brazil this level is 8%, while in the USA and
European Union it reaches 10% and 7%, respective-
ly. To face the challenge of biodiesel production,
plants and/or residual oils have been used as raw
materials. However, with the aim of increasing pro-
duction efficiency and diversifying the feedstock,
microalgae have been indicated as a very promising
raw material for biodiesel production (Mata et al.,
2010; Veillette et al., 2012).

*To whom correspondence should be addressed

In spite of having several advantages in relation
to oleaginous plants, microalgae biomass production
has a higher production cost than those of oleagi-
nous. The biomass separation process constitutes one
of the main components of the biomass production
cost (Uduman, 2010). Hence, there is a need to find
cheaper biomass separation methods.

Centrifugation is the most efficient biomass sepa-
ration process, but because of its high cost and ener-
gy demand (Benemann and Oswald, 1996; Molina et
al., 2003) it is applicable only in the production of
biocompounds with very high commercial value. In
the search for less expensive processes, filtration
could be a choice, but this process has the serious
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drawback of fouling the filter. Therefore, it can only be
used with filamentous microalgae, which in general
have low lipid content and are not suitable for bio-
diesel production.

Flocculation has been considered as a pre-
separation process that diminishes the volume for
further processing. There are different types of floc-
culation depending on the flocculant agent and
method. Autoflocculation, for example, can occur
during growth near the stationary phase, when the
pH rises beyond 9 (Spilling ef al., 2011; Sukenik and
Shelef, 1984). This strategy of raising pH is used to
flocculate microalgae (Horiuchi et al., 2003; Nguyen
etal.,2014; Wu et al., 2012); however it is necessary
to change the pH of the medium after the separation
of the biomass in order to make possible its use in a
next cultivation. The presence of certain bacteria in
the cell suspension also promotes flocculation through
the production of EPS (extracellular polymeric sub-
stances), which explains the flocculation observed in
some cultures of microalgae and can be used as a
flocculation method (Kim et al., 2011; Lee et al.,
2009); on the other hand, this kind of flocculation
has some constraints, such as for example, the rela-
tively high cost for the purification of the biopoly-
mers (EPS), and in the case of direct use of the bac-
terial suspension the need of an organic carbon
source in the medium to sustain the bacterial growth.
Certain microalgae have a strong tendency to floccu-
late and were used to promote flocculation of other
microalgae (Salim et al., 2011; Salim et al., 2012),
but additional costs for a separate cultivation system
for cultivation of the flocculating microalga should
be considered.

The use of flocculant agents has been considered
(Wyatt et al., 2012; Vandamme et al., 2013; Mandik
et al., 2015), but their toxicity potential must be tak-
en into account. Alum salts flocculate cells very effi-
ciently (Papazi et al., 2010) but they can cause seri-
ous health problems (Platt ef al., 2007). Some natural
flocculants have been tested to overcome this prob-
lem. Chitosan has proved to be very efficient (Ahmad
et al., 2011; Chen et al., 2014), but it works only at
low pH, while the pH in microalgal cultures is rela-
tively high. Besides, its price is prohibitive mainly
for biomass production for biofuel generation. Starch
and its cationic derivates are an alternative and have
been evaluated (Gerde et al., 2014; Vandamme et al.,
2010). Among natural flocculants, Moringa seeds
have great potential for flocculating cells of Chlorel-
la vulgaris, as already demonstrated in our previous
work (Teixeira et al., 2012) and in more recent pub-
lications (Hamid er al., 2014; Udom et al., 2013).
Moringa has been called a “Miracle Tree”, since it

has several important uses: its seeds are used to treat
water and effluents, its leaves for food, the seed oil
to produce biodiesel, and its flowers for food and
cosmetics (Amaglo et al., 2010). It grows in the wild
in some regions of Brazil, especially the Northeast
(Oliveira et al., 1999).

In our previous study (Teixeira et al., 2012), it
was observed that flocculation of Chlorella vulgaris
was greatly enhanced by the use of Moringa seed
flour (from 3 to 90%) and the conditions of flour
concentration (1 g.L'"), sedimentation time (120 min)
and pH (7.04-9.24) of the cell suspension were estab-
lished for maximization of the flocculation efficien-
cy. This study had the aim of evaluating recovery of
Chlorella vulgaris cells by flocculation using Moringa
seeds in other forms, as extract and seed cake, be-
sides flour, as a strategy for lowering costs since
seed cake is a residue from biodiesel production
using oil from Moringa seed and the use of extracts
may represent an economy of mass of flocculant.

MATERIALS AND METHODS
Microalga

The freshwater microalga Chlorella vulgaris
CCMA-UFSCar 012 was kindly provided by Prof
Armando from the Federal University of Sdo Carlos
(Brazil). Its isolate is kept in the collection of micro-
algae cultures of the Department of Botany, Federal
University of Sdo Carlos (CCMA-UFSCar, WDCM
835).

C. vulgaris was cultured in WC modified medium
(Guillard and Lorenzen, 1972). The cultivations were
carried out in 500-mL Erlenmeyer flasks with con-
tinuous agitation of 160 rpm in an orbital shaker
(Marconi MACFT-140), in a controlled environment
at 25+2 °C. White fluorescent light was used, which
provided 60 umol photons m? s of light intensity in
the region of the flasks.

New fresh suspensions were prepared using inoc-
ula taken from the stock culture in the exponential
growth phase in such a way that an optical density of
0.05 was obtained to begin the growth. In general,
the cell suspension reached a biomass concentration
of 0.43-0.65 gL' (on a dry weight basis), which
corresponds to an optical density (OD) at 730 nm of
0.86-1.30 in 20 days. The cell suspension was used
after pH adjustment, if necessary, to 8.5-8.7 by the
addition of 1-M HCI or 1-M NaOH. In the set of
experiments where the influence of the biomass con-
centration and growth stage was evaluated, suspen-
sions of different growth stages were used, as well as
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diluted suspensions (with the supernatant of the cell
suspension of OD 1.2 or WC) from the suspension in
the stationary growth stage.

Preparation of Moringa Seed Flour and Moringa
Seed Cake

Dry pods of Moringa oleifera from Sergipe state
and from Parana state were used. The seeds from
Sergipe were donated by Dr. Gabriel Francisco da
Silva from the Federal University of Sergipe (Brazil)
and those from Parana (Brazil) were donated by Ma-
rianna Ferreira (Itaipu Binacional company). Seeds
were shelled and ground with a mortar and pestle
and then sequentially sieved through both 860 pm
and 420 um pore sieves to obtain the flour, except in
the experiments carried out to evaluate the influence
of flour granulometry on flocculation efficiency,
where sieves of 175, 250, 420 and 860 pm were used
separately in a Vibratory Sieve Shaker (Bertel) to
generate flour of different particle sizes.

The Moringa seed cake was provided by Dr. Ga-
briel Francisco da Silva from the Federal University
of Sergipe. It was obtained as a residue during the oil
extraction, carried out using a Komet vegetable oil
expeller (CA59G).

Preparation of the Extracts

Moringa seed flour or Moringa seed cake was
added to the medium to reach 50 g.L"!. Ultrasound
and agitation on a magnetic plate for 15 minutes, at
25 °C, were used for extraction followed by centrif-
ugation with a Fanem Excelsa Baby centrifuge at
3500 rpm for 15 minutes. A subsequent filtration step
(through a 0.45-pm membrane) was used in some
cases. Depending on the experiment different extrac-
tion media were used: distilled water, WC medium,
saline solution (NaCl) at 0.6 M and seawater (salini-
ty of 35PSU). Seawater at different salinities (20, 25,
30, 35, 40, 45 and 50) and saline solution at different
molarities (0.2, 0.4, 0.6, 0.8 and 1 M) were used as
extraction media. In order to lower or to increase the
salinity of the seawater, distilled water or NaCl was
added, respectively.

Flocculation Assays

After the addition of the seed flour (to attain 1
g L") or seed cake (to attain 1 g.L") or extracts (I mL
to 99 mL of cell suspension), the suspensions (main-
tained in Erlenmeyer flasks) were incubated for 15
minutes at 100 rpm on an orbital shaker (Marconi
MACFT-140). Then 25 mL of each culture were

transferred to cylinders in triplicate to evaluate floc-
culation. Before and after the incubation period and
at 120 minutes of standing time, suspension aliquots
were withdrawn for OD measurement at 730 nm.
The aliquots were taken from the middle of the sus-
pension column.

Flocculation efficiency of the Moringa treatment
was evaluated using the OD decrease and percent
OD decrease. The OD decrease was calculated as the
difference of the OD of the suspension obtained after
incubation (initial OD) and the OD of the suspension
measured at 120 minutes of observation (final OD).
Percent OD decrease was calculated as the ratio be-
tween the OD decrease and initial OD. The OD de-
crease was used to represent flocculation efficiency
when employing the same cell suspension in the
evaluations, as the initial OD was the same. The use
of the OD decrease is advantageous because it can be
monitored by plotting error bars, which are very
important to evaluate the results. The percent OD
decrease does not permit this because the percent
results are nonparametric samples and standard devi-
ation is not applicable to nonparametric analysis
(Dixon, 1983; Siegel, 1988); therefore, percent OD
decrease was used (in addition to OD decrease) only
in the experiments where the cell suspensions used
had different initial OD, since comparisons using
only the OD decrease would generate distortions in
the evaluations and consequently the conclusions.

Cell suspensions without the addition of Moringa
and treated the same as the treated ones were used as
control samples. Each situation was tested in tripli-
cate and the results of OD decrease or percent OD
decrease presented correspond to the average of the
three tests.

RESULTS AND DISCUSSION

At first, seed aspects such as lot and origin, and
cell suspension characteristics such as growth phase
(not included in the previous article) were investigat-
ed using only Moringa seed flour. After that, the use
of seeds in the form of cake and extracts (of seed
flour and seed cake) was studied in order to optimize
the relation cost benefit of recovering C. vulgaris cells
through flocculation mediated by Moringa seeds.

Evaluation of the Fluctuation of the Flocculation
Efficiency Throughout Experiments with Seed
Flour

Results of flocculation efficiency from all the
experiments carried out with Moringa seeds from
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Sergipe, used in the form of seed flour at 1 g.L'are
shown in Figure 1. It is important to emphasize that
the concentration of seed flour of 1 g.L™! was used in
this work because in our previous paper (Teixeira et
al. 2012) this concentration promoted the highest
biomass recovery. Values of the OD decrease (Figure
1A) from 0.86 to 1.18 and values from 70 to 96% in
terms of percent OD decrease (Figure 1B) can be
observed. Figure 1A also presents the initial OD for
each experiment and it can be observed that, in spite
of the variation of initial OD of 0.94-1.30 (0.47 to
0.65 g.L"! in terms of concentration), there is no cor-
relation between it and flocculation efficiency. The
percent OD decreases observed represent recovered
biomass values from 0.43 to 0.59 g.L"".
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Figure 1: (A) OD decrease and (B) percent OD de-
crease obtained during the flocculation experiments
of C. vulgaris cells mediated by Moringa seed flour.
Rectangles represent the initial OD.

The percent OD decrease was used to represent
these results because they represent different cell
suspensions, with different initial OD. The OD de-
crease was also used to evaluate flocculation effi-

ciency in order to make more appropriate compari-
sons, since this kind of representation can (unlike
percent OD decrease) be monitored by error bars (as
already explained).

Since two different lots of Moringa seeds were
used in these experiments, the OD decrease was
assessed in a new experiment using these lots and the
same cell suspension. In this case, no statistically
significant difference was observed (0.640+0.029;
0.641+£0.009), indicating that the differences ob-
served in Figure 1 can be attributed to the varied
conditions of the cells and the medium surrounding
them. So, it is probable that, in experiments per-
formed on different days, different Zeta potentials
and/or different concentrations of extracellular sub-
stances interfered in the flocculation efficiency. Dif-
ferent flocculation efficiencies in experiments with
Moringa due to Zeta potential differences were re-
ported by Ndabigengesere et al. (1995). Accordingly,
aspects specifically involving the seed, such as the
time passed since arrival at the laboratory or preser-
vation conditions did not interfere in the flocculation
efficiency of Moringa as shown in Figure 1.

Seeds from the other state (Parand) of Brazil were
also tested with the aim of verifying whether seeds
from regions with different climate could exhibit dif-
ferent flocculation efficiencies. The state of Parana is
located in southern Brazil and has a humid subtropi-
cal climate, while Sergipe has a tropical and semi-
arid climate. In this experiment, no difference in
terms of OD decrease was observed (0.882+0.010
and 0.886%0.013), indicating that indeed the differ-
ence observed with time is probably related to the
aspects of the sample other than growing conditions
of the plants from which the seeds were obtained.
Additionally, this result shows that seeds from either
of these states can be used without interfering with
the expected efficiency of flocculation promoted by
Moringa.

These results indicate that differences in condi-
tions of harvesting and storage of the seeds probably
do not interfere in Moringa’s flocculation efficiency
and therefore the Moringa’s main active ingredient is
relatively quite stable.

Effect of Growth Stage and Biomass Concentra-
tion on Flocculation Efficiency of Seed Flour

In order to determine the best cell growth stage to
separate biomass through flocculation, we tested
different cell suspensions whose cultivation had
started on different days, so that their growth stages
were different on the day of experimentation. Five
cell suspensions were tested, which had initial OD
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values around 1.2, 1.0, 0.8, 0.6 and 0.4 (ODs of 1.2
and 1.0, ODs of 0.8 and 0.6, and an OD of 0.4 corre-
spond to stationary, linear and exponential growth
stages, respectively).

It can be seen that both the OD decrease (Figure
2A) and percent OD decrease (Figure 2B) rose ac-
cording to the growth stage and that the highest val-
ue was found with cell suspensions in the stationary
growth phase, indicating this phase as the best to col-
lect the cells. It should be mentioned that different
results in terms of OD decrease among suspensions
with different initial ODs can occur (which was ob-
served here), so in these cases, what really indicates
differences in flocculation efficiency is the percent
OD decrease, which, as can be observed in Figure 2B,
also increased as a function of the growth phase.

Since Muyibi and Evison (1995) and Nkurunziza
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et al. (2009) observed that the flocculation efficiency
of turbid water mediated by Moringa depended on
the water turbidity, the result found could have been
affected by the biomass concentration. Moreover, cer-
tain substances and ions of the extracellular medium
could be also responsible for the differences in floc-
culation efficiency, since their concentrations change
during cultivation as a result of cell metabolism.
Therefore, we determined flocculation efficiency in
cell suspensions of different biomass concentrations
but of the same growth stage. These cell suspensions
were prepared by diluting a cell suspension from the
late stationary phase of OD around 1.2 (0.6 g.L"') so
as to obtain the same OD values used in the previous
experiment (around 0.4, 0.6, 0.8 and 1.0), and as
diluent the supernatant of the cell suspension of OD
1.2 was used to avoid introducing new compounds in

100
80 4
60 -
40

20

Percent optical density decrease (%)

Exp [0.46] Lin [0.62] Lin [0.85]  Stat[1.02]  Stat[1.22]
Growth phase and optical density

D

100

80

60

40

20

Percent optical density decrease (%)

Stat [0.43] Stat [0.66] Stat [0.89] Stat [1.07] Stat [1.16]

Optical density of the cellular suspension

Figure 2: Effect of cell suspension growth phase and optical density on the Moringa flocculation
efficiency evaluated as (A) OD decrease; (B) percent OD decrease. The growth phases exponential, linear
and stationary were abbreviated as Exp, Lin, and Stat, respectively. Effect of initial OD on the Moringa
flocculation efficiency evaluated as (C) OD decrease and (D) percent OD decrease. In gray: treated cells;
black: non treated (control); light gray: cells resuspended in WC before treatment.
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the cell suspension to be tested. In addition, to verify
whether a dilution using fresh medium could inter-
fere in the results, another cell suspension of OD
around 0.4 was tested, which was prepared using
WC for dilution.

In Figure 2C, differences in the OD decrease can
be observed among the suspensions with different ini-
tial ODs, but in this case the result does not indicate
differences of flocculation efficiency (as discussed
above). It is corroborated by the results shown in
Figure 2D, where practically no difference in percent
OD decrease was observed when the initial OD in-
creased. Hence biomass concentration did not inter-
fere in the flocculation efficiency and the large in-
crease observed in Figure 2A between cell suspen-
sions of different growth stages and concentration
was mainly due to other aspects of the cell suspen-
sion (instead of biomass concentration), probably
differences in the cell membrane related to the
growth phase and perhaps the presence of substances
in the extracellular medium that would help the floc-
culation mediated by Moringa. Flocculation has been
observed (Lee ef al. 2009) of coccolithophorid alga,
Pleurochrysis carterae, promoted by EPS from mi-
croorganisms in nutrient deprivation (which occurs
in the stationary phase). The much lower percent OD
decrease of the cell suspension with OD of 0.4 (di-
luted with WC) reinforces the hypothesis that sub-
stances from the extracellular medium produced
during cell growth (of the microalga as well as of
contaminant microorganisms present in the culture)
influence the flocculation efficiency of Moringa.

Although maximum flocculation efficiency was
achieved for cells at late stationary phase it is still
possible to attain a reasonable (around 80%) floccu-
lation efficiency when harvesting cells in the expo-
nential phase, which might be advantageous because
of the shorter time of cultivation; on the other hand,
the time of cultivation required for maximization of
target products production should be considered.

Flocculation Efficiency of the Moringa Extracts of
Seed and Cake Prepared in Different Ways and
Moringa Seed Cake

The use of Moringa seeds as flour was very effi-
cient as well as practical because of the simplicity of
the flocculation method. As the dosage of seed flour
for maximum efficiency is high (1 g.L™"), the use of
seed flour or seed cake in the form of extracts could
be a way of saving flocculant and at same time it
might allow recycling of the medium after biomass
separation. In addition, seed cake was also tested
because, as a residue (of the oil extraction), it may

help decrease the cost of flocculation mediated by
Moringa seed.

Different methods of preparing the seed flour ex-
tracts were assessed. Extractions using a magnetic
plate and ultrasound bath as well as using only cen-
trifugation after the extraction process or filtration
after centrifugation were carried out. WC was used
as extraction medium since it is the medium of the
cell suspension in which C. vulgaris is grown. Since
in preliminary experiments (results not shown) we
observed that a 100-fold dilution of the Moringa seed
extract at 50 g L™ in the cell suspension was able to
generate the same result as that observed with seed
flour at 1 g.L”', these values of proportion of the di-
lution in the cell suspension and extract concentra-
tion were used, respectively, in these experiments
with extracts. The results for OD decrease were:
0.014+0.001, 0.893+0.026, 0.789+0.019, 0.789 £0.028,
0.852+0.017, 0.890+0.065, for control, seed flour
and for extraction by magnetic agitation, magnetic
agitation followed by filtration, ultrasonic agitation,
and ultrasonic agitation followed by filtration, re-
spectively. There was only a small difference between
the two modes of preparation (magnetic agitation or
ultrasonic agitation, with ultrasound being slightly
more efficient), and between extracts and seed flour.
Filtration did not affect the flocculation efficiency of
the Moringa seed extract.

In spite of the small difference of flocculation ef-
ficiency observed between magnetic and ultrasonic
agitation, in the rest of the experiments ultrasonic
agitation was used for the preparation of extracts of
seed flour and seed cake because of its practicality.
The filtration step was maintained to facilitate with-
drawing the extract aliquot because a greasy material
appeared on the surface of the extract during the
extraction process.

According to Ghebremichael et al (2005), Moringa
saline extracts had higher flocculation efficiency than
aqueous extracts; therefore, to evaluate the possibil-
ity of enhancing the flocculation efficiency by using
a medium with higher salinity than WC (used in the
previous experiments), a saline solution (1M NaCl)
was used as medium for the extractions. Freshwater
and seawater were also used for comparison because
of their higher availability in certain situations, and
the use of seawater enables a saving of water and
NaCl in relation to the saline solution and water. In
these experiments, extract of seed cake was used
besides extract of seed flour and their flocculation
efficiencies were compared to the seed cake and seed
flour flocculation efficiencies, respectively. WC was
included as a medium for extraction for the seed
flour assay in order to verify if the use of a very low
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salinity medium composed of inorganic salts would
interfere in the flocculation efficiency.

As can be observed in Figure 3, the medium with
highest salinity employed generated the highest floc-
culation efficiency. Since Gassenschmidt er al. (1995),
Ghebremichael et al (2005), and Ndabigengesere et
al. (1995) demonstrated that peptides are involved in
the flocculation mechanism of Moringa’s floccula-
tion action, this result can be explained by the salt-
ing-in or salting-out effect, and a peptide might be
involved in the flocculating effect of Moringa on the
C. vulgaris cells. Furthermore, this peptide might
also be present in the seed cake since the extraction
in a expeller extracts mainly oil and the great majori-
ty of its constituent proteins remains in the residual
mass. Further evidence of the presence and participa-
tion of protein (or peptides) in the observed effect of
Moringa is that heating of the extract reduced the
flocculation efficiency (measured as OD decrease).
The seed flour extract was heated to 50 °C for 15
minutes and the OD decrease diminished by 50% in
comparison to the non-heated extract. However,
since the flocculation efficiency (measured as OD
decrease) of the heated extract was higher than the
control (i.e., it is still significant) it can be inferred
from this result that some flocculating agent that
either was not protein (or peptide) or a heat-resistant
protein was left in the extract. Thermoresistance in
the seed extract of Moringa was observed in treat-
ment at temperatures from 60 to 100 °C for 0.5 and 5
hours (Ghebremichael et al., 2005).
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Since saline and seawater extracts resulted in bet-
ter results for both the seed flour and seed cake, the
best NaCl concentration in the medium and the best
salinity for preparation of the saline and seawater
extracts, respectively, were assayed. The OD decreases

of the control samples for different molarities and
different salinities were 0.024+ 0.004 and 0.111 +
0.002, respectively. For saline extract the best NaCl
molar concentration (Figure 4A) tested for seed flour
was 0.6 M and the best salinity for the seawater
(Figure 4B) was 35 PSU, although the differences
among different salinities and among different mo-
larities were low. For seed cake extracts the differ-
ences of flocculation efficiency were still lower among
different salinities and molarities, but for the molarity
1 M the flocculation efficiency was slightly higher
than for the other molarities. The highest flocculation
efficiency for saline extract of seed flour was found
at a NaCl concentration that was in accordance with
the value found for seawater salinity that generates
the higher flocculation efficiency, since the concen-
tration 0.6 M presents a salinity of 35 PSU. The re-
sult for the extract in seawater is very interesting
because the higher flocculation efficiency occurred
at the natural salinity (35 PSU), which eliminates the
need to add more salt or dilute the seawater.
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The influence of granulometry of seed flour used
for the preparation of the saline extracts was also
investigated. Granulometries of 175 and 860 pm, the
extreme values tested before, were chosen. The re-
sults showed a very small difference of OD decrease
in the two different particle sizes (0.867+0.009 and
0.822+0.007 for 175 and 860 pm, respectively). As
in the case of seed flour, the grinding of the seeds
can be done in such a way that a large range of granu-
lometries can be used without diminishing the floc-
culation efficiency of Moringa extract.

Effect of the Moringa Seed Flour Extract Volume
on the Flocculation Efficiency

Different volumes of saline extract (0.6 M) were
tested in order to minimize the volume of extract
used to flocculate cells. Figure 5 indicates that, for a
volume of extract of 0.5 mL the efficiency is still
very high but decreases drastically below this value.
Therefore, a volume of extract of 0.5 mL for each
100 mL of cell suspension is the minimum for an
efficient flocculation.

Since the extract concentration used in this experi-
ment was 50 g.L”!, the volume of 0.5 mL (used for
99.5 mL of cell suspension) contained a seed mass of
0.025 g, which in comparison to 0.100 g, mass of seed
flour required for maximum efficiency flocculation
for each 100 mL of cell suspension, represents a
saving in mass of seed of 75%. Consequently, the
use of Moringa seed in the form of extract is more
convenient from an economical point of view than
flour.

Determination of the Stability of the Moringa
Extract

An important aspect to be tested is the stability of
the extract in order to optimize its preparation. A
saline extract (0.6 M) was prepared and used on the
same day and then 7, 14, 21 and 28 days later (main-
tained in a refrigerator at a temperature of 4 °C). As
can be observed in Figure 6, after 14 days the extract
maintained its high efficiency, represented by high
percent OD decrease (89%) and in the third week the
flocculation efficiency declined to an unsatisfactory
level (24%). The percent OD decrease for control
samples were 11, 4, 8, 4 and 2%, for day 0, day 7,
day 14, day 21 and day 28, respectively. Thus, two
weeks after preparation of the extract is the limit for
good efficiency. In this experiment, percent OD de-
crease was used to infer flocculation efficiency be-
cause different cell suspensions were used (as they
were performed on different days) and there was no

need to use additional OD decrease to make the
comparisons because it became evident that day 14
was the limit for using this extract as there was a
very large difference between the percent OD de-
crease for day 14 and for day 21.
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Figure 5: Effect of the volume of extract added to
the cell suspension on the flocculation efficiency of
Moringa extract of seed flour.
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Figure 6: Dependence of the flocculation efficiency
of the Moringa extract of seed flour on the date of
preparation (evaluation of the extract’s stability).
Black rectangles represent the controls.

We have not found any literature reference to the
effect of the storage of saline extract of Moringa
seeds on its flocculation efficiency. In aqueous so-
lution, the active principle deteriorated after third
day upon storage under room temperature (Katayon
et al., 2004; Levick, 2005) and after the fifth day at
3 °C (Katayon et al., 2004). In the present study a
longer time was obtained for the preservation of the
flocculant agent and it is possible that different
compounds with different stabilities are present in
the extract depending on the media used for its
preparation.
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CONCLUSIONS

It is possible to use Moringa seeds of different
origins and lots. Seed flour and seed cake extracts
perform very well, with saline and seawater being
the most efficient media. Agitation on a magnetic
plate or ultrasound can be employed to prepare the
extracts. The best phase to harvest cells is the sta-
tionary one, but concentrated suspension of previous
phases can also be used. The comparatively low
mass of Moringa seeds necessary to attain high floc-
culation efficiency in the case of the extract, in ad-
dition to its stability for two weeks, is a comparative
advantage in relation to use of the flour. Besides, the
use of seed cake has an advantage over seed flour
because this is a residue from Moringa seed oil
production.
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