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Abstract

This chapter aims to evaluate the microalgae species’ removal efficiency, using Moringa 

oleifera powder seeds as a natural coagulant with subsequent lipid profile characterization. 
For the tests were used deionized water artificially contaminated with cell cultures of 
Anabaena flos-aquae and Chlorella vulgaris, with a cell density in the order of 104 and 106 cells 

mL–1, respectively. Coagulation/flocculation/dissolved air flotation (C/F/DAF) tests were 
conducted using ‘Flotest’ equipment, using M. oleifera powder seeds in the dosage range 
of 50–1000 mg L−1. For fatty acid profile analyses, a gas chromatograph equipped with 
a flame ionization detector was used. Variations of the coagulant dosages showed that 
there was a difference between dosages and that 100 mg L–1 provided the best removal 
efficiency for A. flos-aquae (96.5, 80.5 and 78.1%) and 140 mg L−1 for C. vulgaris (90.5, 78.34 
and 70%) of the tested parameters of chlorophyll, color and turbidity, respectively. In rela-

tion to the produced sludge, it was observed that the use of this coagulant in the treatment 
of water contaminated with microalgae produces a biodegradable sludge, rich in lipids, 
especially oleic acid (>60%). Thus, these results indicate that the sludge’s reutilization 
could be a good alternative to biodiesel production, as it represents an environmentally 
viable method for reusing residual biomass produced in the water treatment process.
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1. Introduction

Several natural coagulants have been studied for water purification; recently, Moringa oleifera 

Lam comes to stand out because it has good color and turbidity removal and promotes large 
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bacteria removal, of above 90% [1]. Currently, there are few studies on the coagulant applica-

tion in eutrophic waters, but in some works, can be seen an excellent microalgae cells removal 
efficiency [2–4].

The dissolved air flotation has been considered a viable alternative to the sedimentation step 
when applied to water treatment in the microalgae’s presence, since this process is capable of 
removing whole cells, besides decreasing the time contact between the generated sludge with 
water treatment. The waste generated removal is performed by mechanical equipment, which 
is installed in water and has an easy maintenance [5, 6].

The proper disposal of the generated sludge by water treatment plants (WTPs) is essential, 
according to NBR 10004 [7], is considered a solid residue, which if released without proper 
treatment in waterways, can cause direct effects in the aquatic environment, damaging 
 receiving fauna and flora. The nonchalance towards the waste generated, causes impacts, 
such as increase in the amount of solids in water body, water body siltation, increased of color, 
turbidity and aluminum concentration in the water, decrease of the water’s pH,  releasing of 
odors, decreases the amount of dissolved oxygen in the water body and chronic toxicity on 
aquatic organisms and their vision.

However, this chapter seeking environmentally viable alternatives to microalgae biomass 
reuse present in the generated sludge by water treatment plants, for example, to  characterize 
the lipid content produced by these microalgae, to consign them to a  further biodiesel 
production.

Thus, this chapter shows the removal of Anabaena flos-aquae and Chlorella vulgaris cells by 
coagulation/flocculation/dissolved air flotation (C/F/DAF) processes, using M. oleifera as a 

natural coagulant, with subsequent lipid characterization of the generated sludge in order to 
check the potential for reusing this biomass.

2. Microalgae

Phylogenetically, microalgae are prokaryotes or eukaryotes organisms, according to 
the period when they appeared on the planet, belonging to a very heterogeneous group 
of  microorganisms. According to Andrade et al. [8] the microalgae are photosynthetic 
 microorganisms that combining water and atmospheric carbon dioxide with sunlight to 
 produce biomass (polysaccharides, proteins, lipids and hydrocarbons). Which can be used in 
 biofuel production, feeding supplements and also can be used in atmospheric carbon dioxide 
capture. Microalgae produce more oxygen than all plants in the world, accounting for at least 
60% of the Earth’s primary production.

The microalgae biomass presents about 50% carbon in its composition, so the supply of 
this nutrient to these microorganisms’ cultures represents an important component of the 
 production costs [9]. However, it is necessary to take care of microalgae culture systems, 
 considering the peculiarities of each species, adaptation to the environment, as well as the 
availability of nutrients associated with economic viability [10].
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The exact number of microalgae species is not yet known, but many species may already 
grow in cropping systems. The most difficult task, however, is to grow specific species for oil 
production [10].

Some microalgae species under adverse environmental conditions, such as nutrient stress 
(lack of nitrogen or phosphorus), may accumulate lipids. The green algae specie, C. vulgaris, 
is widely used in research on the biofuel production from microalgae [11, 12], and in the 
present study, was chosen for the comparison of the lipid content with the cyanobacteria A. 

flos-aquae.

2.1. Microalgae lipid content

The microalgae biomass contains three main components: carbohydrates, proteins and 
lipids [13]. In biological systems, the lipids function as membrane components, reserve 
products, metabolites and as energy sources, with most of them consists of fatty acids. 
Thus, the lipids are classified in storage lipids (neutral lipids), triacylglycerols and mem-

brane lipids (polar lipids), phospholipids, glycolipids and sterols [14].

Fatty acids are fundamental units most of the lipids. They are short-chain and long-chain 
organic acids having 4–24 carbon atoms, and short-chain fatty acids are ideal for the biodiesel 
production [15].

Some fatty acids synthesized by microalgae, such as omega 3 and 6 (ω-3 and ω-6), which are 
the main precursors of some hormones such as prostaglandins, prostacyclins, leukotrienes 
and thromboxanes, have a high economic value in the food and pharmaceutical industry and 
are fundamental for the development and physiological regulators [16].

Fatty acids in microalgae correspond to the largest lipid fraction, and, in some species, 
polyunsaturates represent between 25 and 60% of total lipids [17].

The polyunsaturated fatty acids from microalgae have a very promising market in biotechnol-
ogy, especially in the functional food industry [18]. Studies presented by Favaro-Trindade et 
al.(2008) [48] show that lipids, especially unsaturated fatty acids, have been encapsulated to 
reduce susceptibility to oxidation.

According to Nelson e Cox [14], fatty acids have a unique carboxyl group and a non-polar 
hydrocarbon tail, which give lipids their oily and fatty nature, insoluble in water. They occur 
in cells or tissues in forms covalently attached to different lipids’ classes. Different fatty acids 
have been isolated from lipids of various species.

They differ by the chain extension and its presence, number and double bonds position, and 
some fatty acids also have methyl-branched groups.

The glycolipids that are composed of glycerol have been found in many organisms, being 
observed as the main lipid component of microalgae photosynthetic membranes, including 
cyanobacteria (blue microalgae). Its structure is analogous to that of glycerophospholipids with 
a sugar molecule, glycosidically attached to glycerol three position and fatty acids esterified in 
the other two positions.
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Among the main glycosylacylglycerols of microalgae and plant photosynthetic mem-

branes is monogalactosyl-diacylglycerol (MGDG), which occurs abundantly in plants 
and algae, especially in chloroplasts. Contains high proportions of polyunsaturated fatty 
acids. For C. vulgaris, the MGDG presents mainly oleic acid (C18:1) and linoleic acid 
(C18:2) when cultivated in the dark and 20% of linolenic acid (C18:3) when cultivated in 
the light [19].

The lipid production estimation by microalgae ranges from 15,000 to 30,000 L.km2, and its 
extraction is simple and can be applied to traditional methods used in the chemical industry, 
including solvent extraction [20].

It is known that among the nutrients that can influence the lipids and fatty acids production 
are the sources of nitrogen and sulfur, which are used by microalgae in the synthesis of amino 
acids and fatty acids [20].

The main applications of fatty acids microalgae occur in the enrichment of fish feed, biodiesel 
production and sources of essential unsaturated fatty acids in the human diet [21].

Although there are many microorganism types capable to accumulating lipids, not all of them 
have favorable characteristics for the application in the biodiesel production. The microalgae 
stand out because they present, in some cases, compatibility in the ratio of their oil produced 
to the vegetable oil used in the transesterification process [22, 23].

According to Schimitz et al. [10], the presence of polyunsaturated compounds produced by 
microalgae causes a decrease in the stability of produced biodiesel. However, due to the pres-

ence of these fatty acids, biodiesel from microalgae presents a high yield at low temperatures, 
a characteristic that is not presented by conventional oilseed biodiesel, which have little yield 
at relatively low temperatures.

2.2. Moringa oleifera Lam

M. oleifera Lam is a tropical tree that grows naturally in India, South Saharan Africa and South 
America [24]. The leaves, flowers, seeds, roots and bark may be used as food or for medicinal 
and therapeutic purposes [25], especially in developing countries [24, 26]. In addition, other 
applications were pointed out for cosmetics preparation, mechanical lubricants and even for 
potential biodiesel elaboration [27].

According to Ndabigengesere and Narasiah e Talbot [28], M. oleifera seeds contain about 37% 
protein, 35% lipids and 5% carbohydrates (oligosaccharides). The carbohydrate content is 
very low whereas the high lipid content explains why the seeds can be used as a source of 
vegetable oil. This oil resembles olive oil in its composition, being rich in oleic acid, which 
makes it suitable for edible purposes [29].

The M. oleifera seeds are also very useful as a coagulant in drinking water clarification and 
effluent treatment since 1979, due to the presence of a water soluble cationic coagulant protein 
capable of reducing the turbidity of the treated water. The seeds can be used in the form of 
powder, such as aqueous or saline extracts [24, 30, 31].
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2.3. Removal of microalgae from water using Moringa oleifera, as natural coagulant

Coagulation/flocculation (C/F) followed by dissolved air flotation (DAF) is suitable for the 
treatment of naturals and synthetic eutrophic waters [5, 32]. When it comes to the removal of 
cyanobacterial cells, DAF is an effective alternative, as shown by some studies in the literature 
[5, 6]. However, to achieve good efficiency, water treatment plants (WTPs) use a series of 
auxiliary products in the process, especially the use of inorganic coagulants, usually based on 
metals such as aluminum, as well as pH control. However, these coagulants do not generate 
biodegradable sludge, causing problems in terms of disposal and treatment; this may be also 
related to some diseases, such as Alzheimer’s disease, due to residual aluminum in treated 
water [33, 34]. Thus, the search becomes necessary for alternative natural coagulants that are 
biodegradable and safe to human health [35].

The M. oleifera (MO) seeds can be used for efficient clarification of water [26, 36]. This effi-

ciency has been shown by high values of color, turbidity and bacteria removal [2, 37] and 
even cyanobacteria cells in the water treatment process [38], as well as some economic and 
environmental advantages related to decreasing the costs of synthetic products to correct the 
pH of water and produce a sludge without metals.

The water treatment processes in WTPs produce residues, mostly water used for washing the 
filters and sludge from sedimentation tanks/floaters [39]. Particularly, in WTPs with cyano-

bacteria problems, the sludge generated is composed of microalgae biomass. Knowing that 
such biomass has a relatively high amount of lipids in their composition [40], which could be 
used for biodiesel production.

Firstly, by evaluating the results obtained (Figure 1), one can observe the percentages of the 
removal of the parameters color, turbidity and chlorophyll-a and compounds with absorp-
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Figure 1. Color, turbidity, compounds with absorption in UV254 nm and chlorophyll-a removal in relation to the dosage of 
Moringa oleifera powder seeds for Anabaena flos-aquae.
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tion in UV254 nm, indicating the optimum dosage of the M. oleifera powder seeds used in water 
contaminated with cyanobacteria species (A. flos-aquae).

The results indicate that the M. oleifera powder seed added directly to cell suspensions was 
effective in removing cells, color and turbidity, reaching up to 96.4, 80.5 and 78.1%, respec-

tively, for the dosage of 100 mg L−1, which was considered ideal for this study.

Regarding the removal of UV254 nm, it was observed that M. oleifera didn’t obtain very satisfac-

tory results, reaching 39.1% removal in the dosage of 100 mg L−1. There was a drop in the 
removal efficiency as the M. oleifera dosage was increased. This result can be attributed to the 
fact that M. oleifera is an organic coagulant, basically composed of proteins, lipids and carbo-

hydrates, responsible for the organic residual in the treated water.

The optimum M. oleifera dosage for the C. vulgaris species, which is a unicellular microalga, 
was also evaluated in order to verify if the different morphology of the microalgae interferes 
in the parameters of removal efficiency. In this way, it can be observed that the optimum 
coagulant dosage was different among the species.

For C. vulgaris, the optimum coagulant dosage was 400 mg L−1, verified by the removal effi-

ciency for color (78.34%), turbidity (70%), chlorophyll-a (90.5%) and UV254 nm (16%) absorption 
compounds as shown in Figure 2.

Thus, it was observed that the C/F/DAF processes used together with M. oleifera as a coagulant 
had an excellent efficiency for both species that were tested.

In relation to the microalgae lipid profile analysis, the fatty acids and esters microalgae were 
first identified without the M. oleifera treatment.
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Figure 2. Color, turbidity, compounds with absorption in UV254 nm and chlorophyll-a removal in relation to the dosage of 
Moringa oleifera powder seeds for Chlorella vulgaris.
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It can be verified that the saturated fatty acids corresponded to 40.4% composition of C. vul-
garis and 35.85% of A. flos-aquae, whereas the unsaturated ones presented values of 39.58 and 
40.1%, respectively.

Among the acids with the highest values in C. Vulgaris were C20:0 (arachidic acid) with 21.15%, 
C18:1n9 (oleic acid) with 18.85% followed by C16:0 (palmitic acid) and C18:2n6 (linoleic acid) 
with about 15% each. Already A. flos-aquae, the highest percentages are due first to C16:0 
(palmitic acid) with 30.55%, then C18:2n6 (linoleic acid) presented 17% and, finally, C18: 1n9 
(oleic acid) presented 7.4% of its composition, shown in Table 1.

% Fatty acids means present in microalgae without 
treatment

Fatty acids Chlorella vulgaris Anabaena flos-aquae

Saturated 10:00 0.2 0.25

12:00 0.35 0.35

14:00 0.55 0.6

15:00 0.55 -

16:00 15.35 30.55

17:00 0.2 -

18:00 1.1 2.3

20:00 21.15 0.1

21:00 0.2 0.25

22:00 0.6 1.45

24:0 0.15 -

Subtotal 40.4 35.85

Monounsaturated 16:01 0.8 1.2

20:01 1.45 2.15

24:1 0.3 0.55

Subtotal 2.55 3.9

polyunsaturated 15:1n5 1 0.95

18:1n9 18.85 7.4

18:2n6 15.13 17

18:3n6 0.95 2.35

20:3n3 0.8 1.9

20:3n6 0.3 -

20:5n3 0.2 4

22:02 - 2.6
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The species C. vulgaris presented a lipid content of 5% of its dry weight, a value higher than 
the cyanobacteria studied (A. flos-aquae), which was 3.05%, but this result can be reversed, 
since the medium and conditions as potentiated as lipid productions by microalgae, as light 
[41], carbon dioxide concentration, temperature [42, 43], nitrogen source concentration [43], 
among other nutrients. The value obtained for C. vulgaris is in agreement with the results 
obtained by Radman and Costa [20], which presented concentrations of approximately 5.97% 
of lipid content for the same microalgae under the same culture conditions.

Embora haja poucos trabalhos relatando o perfil lipídico de Anabaena flos-aquae, os resultados 
obtidos neste estudo apresentam valores próximos aos apresentados por Nichols e Wood 
(1967) em que apresentam C16:0 (39,5%), C16:1 (5,5%), C18:1 (5,2%) C18:2 (36,5%) como os 
principais ácidos graxos pertencentes da maioria da composição desta alga.

Although there are few studies reporting the A. flos-aquae lipid profile, the results obtained in 
this chapter present values close to those presented by Nichols and Wood [44] in which they 
present C16:0 (39.5%), C16:1 (5.5%), C18:1 (5.2%) and C18:2 (36.5%) as the main fatty acids 
belonging to the majority of this algae composition.

After treatment with the M. oleifera optimal dosages, the analysis was repeated, and it was 
observed that results presented in Table 2 demonstrate that after the treatment with the coag-

ulant optimal dosages, the total lipid percentages of each sample suffered an increase, seen by 
the values of 16.4% of the total lipids for C. vulgaris and 6.2% for A. flos-aquae.

This increase is probably related to the residual M. oleifera coagulant in the sludge because, 
according to the M. oleifera seeds’ physicochemical characterization from Aracaju–SE, they 
present approximately 37% of lipids in their composition. Therefore, most of the fatty acids 
present in the samples for both microalgae species were unsaturated fatty acids.

The acid responsible for this increase was C18:1n9 (oleic acid), presenting 69.5% in the C.  vulgaris 

sample against 61.7% in the A. flos-aquae sample. These results are in agreement with those 
reported by Silva et al. [45] in which the oil extracted from M. oleifera is characterized and with the 
presence of 78% of oleic acid. Rashid et al. [46] also presented more than 70% of oleic acid in its 
Moringa samples. According to him, some oscillations in the fatty acids’ values can occur related 
to the conditional variations used by the farmers such as fertilizers, soil and the seed variety.

% Fatty acids means present in microalgae without 
treatment

Fatty acids Chlorella vulgaris Anabaena flos-aquae

Subtotal 37.23 36.2

Not identified 19.8 23.95

Total 100 100

Total lipids 5% 3.05%

Table 1. Microalgae chromatographic profile without Moringa oleifera treatment.
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According to Qu et al. [47], oils with high oleic acid values (>70%) improve the biodiesel prop-

erties, such as cold flow, cloud point and pour point, in this way, the sludge produced after 

% Fatty acids means presented in microalgae with MO 
treatment

Fatty acids Chlorella vulgaris Anabaena flos-aquae

Saturated 10:00 0.02 0.15

12:00 0.03 0.4

14:00 0.11 0.2

15:00 0.03 -

16:00 5.83 10.8

17:00 0.1 -

18:00 1.2 5.9

20:00 5.4 0.2

21:00 0.2 3.85

22:00 0.1 0.2

24:0 0.8 0.95

Subtotal 13.82 22.65

Mono-unsaturated 16:01 0.1 1.4

20:01 0.05 1.75

24:1 0.03 0.1

Subtotal 0.18 1.85

poli-unsaturated 15:1n5 1.01 1

18:1n9 69.5 61.7

18:2n6 0.04 0.2

18:3n6 0.1 0.2

20:3n3 0.1 0.25

20:3n6 0.1 -

20:5n3 0.25 3.4

22:02 - 0.15

Subtotal 71.1 66.9

Not identified 14.4 8.6

total 100 100

Total lipids 16.4% 6.20%

Table 2. Microalgae chromatographic profile after treatment with Moringa oleifera.
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treatment with the M. oleifera optimum dosage presented high oleic acid values in its compo-

sition, data that make interesting the use of this residue to a future production of biodiesel.
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