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ABSTRACT

The effects of extraction solvents, extraction tamd extracts from moringa tree parts on the sediatén and
growth of Chlorella variabilis NIES-2541 were intigated. Hot water extract was the most effectimeiriducing
sedimentation of the cells. This was followed djobg cold water extract while ethanol extract vihe least effective in
inducing cell sedimentation. With all the threeveuits tested, the efficacy of the extract in indgiaiell sedimentation
increased with increase in extraction time. Wittnei hot water or cold water extract from 5g/I seatre than 80% of the
cells sedimented within 30 minutes. This is coms@ti@nough for the harvesting of microalgae duriegeated batch
cultivation. In comparison with seeds, the abititief leaves, flowers, stem and root bark extraztimduce sedimentation
of the cells were very low. Nevertheless, root letkact was more effective than the leaves, flamer stem bark extracts
in inducing cell sedimentation. Low concentratiamfsmoringa seed extract (1~5 g/l) stimulated cetbvgh but the
optimum concentration was 3 g/l. On the other hamdgh concentration (6 g/l) of moringa seed extrattibited cell
growth. These results have shown that moringa egtdct can be used for harvesting of Chlorellaiabilis cells through

sedimentation without adverse effect on the grafithe cells during the subsequent batch.
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INTRODUCTION

Microalgae hold a great potential in the presentrldi® energy, food, and environmental issues.
Oleaginous microalgae are extensively investigtethiodiesel (Ahmad et al., 2014; Ogbonna and gl 2018) while
many species are cultivated for single cell protid for production of various useful metabolit€@gljonna et al. 2002).
Many species are also used for the treatment abwartypes of wastewater (Ogbonna et al., 2000;eMB@ouf et al.
2012; Nwoba et al 2017; Ogbonna et al., 2018).llithase applications, harvesting microalgae isagomtechnical and
economic challenge. Most of the methods employebairvesting microalgae are energy demanding andoecically
depriving. Many scientists have investigated thpliaption of different inorganic coagulating agestsch as Aluminum
sulfate, Aluminum chloride, and Ferric chloride aRérric sulphate to facilitate economical microalgharvesting
(Ahmad et al., 2014). However, due to the toxi@ityd polluting nature of these inorganic coagula@tsphasis is now

shifting to the use of organic coagulants suchhé®gan and other plant-based coagulants (Cheh, &0d44; Moreno et
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al., 2015; Trung et al., 2016; Noor et al., 2016&r&hja et al 2017).

Among the various plant-based coagulants, usdainga oleiferaseeds in wastewater treatment has been
extensively investigated (Bichi 2013) while intdrissgrowing in exploiting the coagulation propestiof Moringa seeds in
harvesting microalgae (Teixeira and Teixeira 20H@mid et al., 2014; Ogbonna and Ede, 2018). AsidenfMoringa
seeds, various parts of Moringa plants are alsad e various purposes. The leaves and immatures @od used as
vegetables while the root and stem are reportddhte many medicinal properties (Brihante et all,7J0However, there

is yet no report on the use of these plant part®agulants.

In most commercial microalgae cultures, the biarias harvested in batches whereby only a percerdaghe
biomass is harvested and the remaining serveseasettd for the next batch. Thus, the method ofdséing should not
affect the subsequent growth of the microalgae.otdnhately, Moringa seeds have been reported te hatimicrobial
properties (Oluduro et al.,, 2010) and its use taibih the growth of bloom-forming cyanobacterialesjes such as
Microcystis aeruginoséhave been reported (Lurling and Beekman, 2010)s therefore, necessary to investigate the
effects of Moringa seeds on the growth of the n@tgae to be harvested. In our previous work (Oghamd Edeh, 2018)
we have demonstrated that although the use of Mariseed powder resulted in higher percentage sathtien of
Chlorella variabilis cold water extract was also efficient and its has many potential advantages over the use of seed

powder.

The aims of the present research were to compareffitacy of some solvents in extracting coag@dndm
Moringa seeds and to explore the potentials ofedbffit Moringa plant parts as coagulants for haiwvgsChlorella

variabilis. The effects oM. oleiferaseed on the growth &@hlorella variabiliswere also investigated.

MATERIALS AND METHODS

Microorganism and Culture Media

Chlorella variabilis NIES-2541 was used in this study. All the media ponents used in this experiment were
purchased from Wako Pure Chemical Industries Ltdpad unless otherwise stated. Ti@hlorellavariabilis
NIES-2541stock culture was re-activated by subweily in BG 11 medium at room temperature for 5 sday
The seed culture was used to inoculate a 500 mh maiure in a 1000 ml Erlenmeyer flask. The caltion was done
photo-autotrophically at a light intensity of 10@molm®swith a light source from32-W white bulbs
(ASTRA NU-PARK, CHINA).

Preparation of M. Oleifera Seed Extracts

Mature and dryMoringa oleiferapods were harvested from the Botanical GardenaBReent of Plant Science
and Biotechnology, University of Nigeria, NsukkaryCM. oleifera pods were broken open along the natural dehiscent
lines to release the winged seeds. The seed stels removed by hand and healthy translucent seeds used for the
experiments. The seed extract was prepared acgotlithe method of Ogbonna and Edeh, (2018). Thdssésg) were
ground using a mortar and pestle and 1g of the powes weighed into 20 ml of one of the followiravents in 100 ml
Erlenmeyer flasks: (i) Cold distilled water, (iiptdistilled water (68C) or (i) 50% ethanol. The mixtures were allowted
extract for 30, 60 or 90 minutes by stirring consitawith a glass stirring rod. The mixtures in tii&erent solvents were

filtered through a sterilized muslin cloth at theleof each extraction time.
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Extraction of Flocculants from Moringa Oleifera Plant Parts

Seeds, leaves, flower, root and stem barkd.obleiferawere harvested from the Botanical Garden, Uniwers
Nigeria, Nsukka. These components were shreddedfimt pieces with a cutter and dried at room temrajpee for five
days and briefly in an oven at ®@Dto reduce the moisture content to about 10%. Tene ground into powder using
mortar and pestle. The powder was sieved througluglin cloth. One gram of powder from each plant pas weighed
into 20 ml of distilled water in a 100 ml Erlenmeytask and left to extract for 30 minutes with stant stirring. Each

mixture was filtered through a muslin cloth and supernatant was used to perform the sedimentatipariments.
Flocculation Assay withChlorella Variabilis

Nine labeled test tubes were arranged and 1 mileoEktract was added into each test tube, 10 it afays old
C. variabilis cells with an optical density of 3.47 was addedach test tuband the contents were mixed by inverting
severally. The sedimentation was allowed to prodee®0 minutes. One milliliter of the broth wastidrawn from the

upper layer of each test tube, diluted with watet #he optical density was read at 680nm.
Effects of Moringa Oleifera Seed Extract Concentration on the Growth ofC. Variabilis

Various volumes (4, 6, 8, 10, and 12 mi)\foleiferaseed extract from 50 g/l stock solution was addéal éach
250 ml - Erlenmeyer flask. A corresponding volum@& 11 medium containing Chloramphenicol (5ug/més added to
make 100 ml. The flasks were sterilized by autdolgat 122C for 20 minutes. Each flask was inoculated wittivacC.
variabilis cells and incubated under a light intensity of 10folm?s* from 32-W white bulbs (ASTRA NU-PARK,
CHINA). The flasks were manually shaken twice ddidy 14 days. At the end of cultivation, the cellere harvested by
centrifuging at 15,000 rpm for 30 minutes. The palllets were transferred into pre-weighed Peshes and dried in an
oven at 80 C for 24h. The Petri dishes were weighed and tigecelll weights were determined by subtracting éhgpty

plate weights from the total weights.
Statistical Analysis

Each experiment was repeated 3 times and the da@subjected to Analysis of Variance (single dfasdion).
Where there were significant differences, the mes&ie separated using Least Significant Differefic®D). The mean

values * Standard Error were used for the plots.
RESULTS AND DISCUSSIONS

In our previous study, we have demonstrated thenpiais of using Moringa seeds to induce sedimimtadf
microalgae for harvesting and showed that usingettieact in place of the seed powder has many ddgas (Ogbonna
and Ede, 2018). In the present study, the effdctsiog cold water, hot water and ethanol as sad/en the ability of the
extracts to induce sedimentation@iflorella variabiliswere compared as shown in Figure 1. The resutieeti that hot
water extract gave the highest percentage seditmamtdollowed by cold water extract. The perceetagdimentation
obtained with ethanol extract was significantly &whan the values obtained with cold and hot wexéracts (P < 0.05).
The coagulating components of Moringa seeds haee héributed to either a protein or polyelectresy{Okuda, 1999;
Bichi, 2013) and the present results have shownittkan be efficiently extracted by both cold drat water. On the other

hand, ethanol is a poor solvent for the extractibtihe coagulants.
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Figure 1: Effect of Extraction Solvent on the Flocalating Ability of Moringa Seed Extract. The
Moringa Seed Powder (1 g) was Susjle in 20 mL of the Solvent and Shaken for
30 Minutes. The Extract was Filteredirough Muslin Cloth and 1ml was used for
Sedimentation of 10 ml ofC. Variabilis
The effects of the period of extraction with theeth solvents on the percentage of sedimentatiosteren in
Figure 2. With all the three solvents, the perogataf sedimentation increased as the period ofetktm was prolonged
from 30 minutes to 90 minutes. Regardless of thgtle of extraction period, the effectiveness of ¢éxéracts to induce
sedimentation oChlorella variabilis was ranked as hot water > cold water > ethanod dtimum length of time for
extraction therefore, depends on the desired ptagerof cells to be harvested. In the present s@ynl of solvent was
used to extract 1 g of the seed (50 g/l) and 1 fmih® extract was added to 10 ml of fiblorella culture, giving a final
concentration of Moringa seed pehlorella culture broth of 5 g/l. For most practical micrgeé cultures, less than 80% of
the cells are harvested at a time, leaving the iintp20% cells to serve as a seed for the nexthb&ver-harvesting the
cells will lead to the lag phase and poor lightizdgtion. The optimum concentration of the Moringged to achieve 80%
sedimentation therefore, depends on the solventtantength of extraction. Using cold water (fomgenient and costs)
and extracting for 1 hour is sufficient to achiewere than 80% sedimentation using a low extractentmation of 5 g-

moringa/lChlorella culture.
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Figure 2: Effect of Extraction Time on the Flocculding Ability of Moringa Seed Extract. The
Extraction Procedure was as Described for Figure Except that the
Extraction Period was Varied from 30 Minutes to 90Minutes
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Various parts of Moringa plants have been invetigjor various applications. In the present sttiistrefore, the
ability of extracts of various parts of the Moringdant to induce sedimentation @hlorella variabilis cells were
compared (Figure 3). In comparison with seed ektthe percentage sedimentation obtained with gibets (leaves, stem
bark, flowers, and root bark) was very low. Statedtanalysis ranked the effectiveness of thesatdarts in inducing
sedimentation as seed > root > [leave, flower,.lar] the whole, the percentage sedimentation aetiigith plant parts,

except the seed, was too low for practical appboat

In commercial microalgae cultures, only a parthaf cells is harvested at a time, leaving sufficells to serve
as inoculum for the subsequent culture cycle. Assful coagulant for microalgae harvesting shouddfore not have an
adverse effect on the growth of the microalgae. &l@x, antimicrobial activities of Moringa seed haexen reported
(Oluduro et al., 2010). Caceres et al. (1991) nepbrthat although cold water extracts inhibited tpewth of
Pseudomonas aeruginosad Staphylococcus aureusxtraction temperatures above 56°C inhibited &aigvity. In other
words, antimicrobial components are deactivatedhigh temperature. This contrasts our previous tesushich showed

that autoclaved extracts retained their coagulgtimperties (Ogbonna and Edeh, 2018).
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Figure 3: Comparison of the Abilities of DifferentParts of Moringa to SedimentChlorella
Variabilis cells. The Parts of Moringa Were Dried, Pulvarizedand the Powder (1g) was
Suspended in 20 mL of the Solvent@shaken for 30 Minutes. The Extract was
Filtered through Muslin Cloth and used for Sedimengtion Experiments
It was therefore necessary to investigate the &sffetMoringa seeds on the growth @ffilorella variabilis The
effects of various concentrations of Moringa sesttagt on the growth of the cells are shown in Fégd. It is interesting
to note that low concentrations of Moringa seedraett stimulated the growth o€hlorella variabilis The cell
concentration obtained in a culture containing Baj/Moringa seed extract was significantly highttan the value
obtained in the control culture (without Moringaedg (P < 0.05). The stimulatory effects of additmnMoringa can be
due to the various active components of the seevéh et al., 2007), but can also be due to imprdigid penetration
into the culture. In a typical microalgae cultulight reaches only a small depth from the illumioatsurface and the
greater part of the culture is without light (Ogbaret al, 1996, Ogbonna and Tanaka, 2001). Théradpight penetration
decreases with increase in the standing biomasseotiation. However, with Moringa seed powder, nafsthe cells

sedimented, leaving the low concentration of sudpdrctells. Under this condition, light penetrategpul into the culture
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and the non-sedimented cells had enough lightdiveagrowth. However, when the concentration ofriiga was higher
than 3 g/l, the cell growth decreased. Additior6af/l of Moringa extract was inhibitory to cell gvth as the final cell
concentration was significantly lower than the eabbtained in the control culture (P < 0.05). Shadad Zaid (2011)

noted that the antimicrobial activity of Moringaeskeextract was more on Gram-negative bacteriadghdangi and yeasts.
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Figure 4: Effect of Moringa Seed Extract on the Gravth of Chlorella Variabilis
CONCLUSIONS

In comparison with Moringa seed extract, other paftthe plant (leaves, stem bark, roots, and ftsjvare not
good flocculants for the harvesting Ghlorella variabilis Hot water was more effective than cold water atithnol as
solvents for extraction of the flocculants from tbeeds. Although the efficacy of the seed extrattsrducing cell
sedimentation increased with increase in the etitrad¢ime, 60 minutes extraction at a final concation of 5 g/l was
sufficient to induce 80% sedimentation within 30notes. Low concentrations of Moringa seed extratitaulated cell
growth but high concentrations inhibited cell growThese results have demonstrated that Moringa eggact can be
used to induce sedimentation and thus harvest alga@e during repeated batch cultures without adveffect on cell
growth.
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