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a b s t r a c t 

Malaysia is one of the second largest world palm oil exporters; correspondingly, the massive production of palm 

oil mill effluent (POME) is a significant concern. The present investigation aimed to isolate and characterize the 

potential microalgae and maximize the growth and biomass productivity of Chlorella sp. using POME. Chlorella 

vulgaris was cultured in BG-11 (control) and POME with 1:1, 1:2, 1:3, and 1:4 dilution ratios. Binary solvent 

extraction was applied to extract lipids, and polyunsaturated fatty acids (PUFAs) in the fatty acid methyl ethers 

were determined using gas chromatography coupled with mass spectrometry (GC-MS). Results suggest the lipid 

level of 21 wt.% was the highest amount obtained from biomass Chlorella vulgaris cultivated in 1:4 diluted POME. 

Chlorella sp. in POME with a 1:4 dilution ratio gives the highest biomass yield. It also yields the maximum dry 

cell weight of 0.42 g/L. Therefore, this study indicates that diluted POME with different dilutions is a suitable 

growth medium for Chlorella vulgaris biomass cultivation. Pairing wastewater with algae culture reduces biomass 

production and water treatment costs. Further studies demand more attention for future food, wastewater, and 

energy nexus. 
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. Introduction 

Southeast Asia is the world’s largest palm oil producer, generating

ubstantial effluents [1–3] . Palm oil mill effluent (POME) wastewater is

reated during typical wet processing, posing significant environmental

roblems. Wastewater treatment using microalgae was recently initi-

ted due to the benefits of substantially lowering nutrient composition,

hile biomass may be employed as large biomass or value-added prod-

cts [4–6] . Because of its low capital cost, more than 85% of Malaysian

alm oil mills have used the ponding method for POME treatment [7–9] .

icroalgal biotechnologies have emerged with a high potential for re-

oving various organic pollutants, such as pharmaceutical and personal

are products (PPCPs), from waste streams [10–12] . 

Polyunsaturated fats are healthy fats, commonly known as polyun-

aturated fatty acids (PUFA). Aquatic animals such as fishes are the

otential sources of PUFAs. Undeniably, the fish could not synthesize

UFAs on its own. They acquire it from primary producers like microal-

ae that can amass PUFAs straight away or implicitly through the food

hain [13] . Microalgae have sufficient potential to substitute the role of
Abbreviations: PUFA, Polyunsaturated Fatty Acids; POME, Palm Oil Mill Effluent. 
∗ Corresponding author. 

E-mail address: natanam@ump.edu.my (N. Govindan) . 

ttps://doi.org/10.1016/j.nexus.2022.100169 

eceived 18 October 2022; Received in revised form 23 November 2022; Accepted 2

vailable online 29 December 2022 

772-4271/© 2022 The Author(s). Published by Elsevier Ltd. This is an open access a
O as they are viable producers of essential PUFAs [14] . Furthermore,

hey also form LC-PUFAs with more than 20 carbon atoms at high levels

15] . Microalgae demonstrate numerous beneficial characteristics, in-

luding more lipid content in biomass, rapid growth rate within a shorter

ime [16] , high tolerance towards environmental conditions, excellent

hotosynthetic rates, and better carbon dioxide (CO 2 ) capture capacity

17] and also can convert solar energy to electrical energy via biologi-

al pathways [11] . The flexibility of microalgae enables its cultivation

lmost everywhere [18] . 

Out of 40,000 species of microalga, Chlorella vulgaris is an auspicious

UFA supply. They encompass long-chain PUFAs, more than half of the

otal fatty acids [19] . This long chain PUFAs reveals therapeutic actions

gainst diabetes, atherogenesis and hypertensive diseases [20] . Light,

arbon source, and nutrients at desired quantities are mandatory requi-

ites to support Chlorella vulgaris growth [21] . Chlorella vulgaris is water-

looming species that acclimatizes to wastewater [22] . Chlorella vulgaris

s economical when incorporated with wastewater treatment owing to

ts ability to simultaneously accomplish CO 2 bio-fixation, lipid genera-

ion, and nutrient or pollutant removal as an alternative nutrient source
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a  
or microalgae cultivation of Chlorella vulgaris [ 23 , 24 ]. The synergetic

ffects can be seen while water, food and energy nexus as the microalgae

mployed for wastewater treatment can be converted into biofuels. 

Since Malaysia is one of the world-ranked palm oil contributors,

alm oil mill effluent was also found massively [ 25 , 26 ]. POME con-

ains a profusion of macro and micronutrients, organic compounds, to-

al suspended solids, water, oil and grease [27] . The abundant presence

f these nutrients, such as N, P, and organic compounds in wastewa-

er, are undesirables, especially in POME. Conventionally, they are re-

oved from the POME by chemical methods. Those methods are con-

idered inefficient for commercialization because they require plenty of

trong acids, which indirectly leads to high secondary pollution, includ-

ng greenhouse gas emissions [28] . Likewise, the discharge of POME

ffluents from the convention pond system does not comply with the

tringent. Treating all those pollutants intensify operating costs again

 29 , 30 ]. 

Cultivating Chlorella vulgaris supports their metabolism pathway to

ncrease lipid production by converting the assimilated pollutants from

he effluent. Oxidation of the organic matter by Chlorella vulgaris facil-

tates reducing chemical oxygen demand (COD) and biological oxygen

BOD) levels of POME. So, the water quality is enhanced for repeated

sage [31] . Thereupon, POME of various dilution ratios was used to

ourish Chlorella vulgaris in this study. They were cultivated at opti-

um conditions in order to produce the maximum amount of PUFA-rich

iomass. So, microalgae cultivation using POME is inspired as sustain-

ble technology to treat and diminish pollutants in the final discharge

elow the standards. At the same time, it also acts as a food supply

hat contains adequate nutrients. It enhances the sustainability of food

vailability in sufficient quantity with a zero-waste biorefinery approach

or sustainability [32–34] . Therefore, the present investigation aimed

o isolate and characterize the potential microalgae and maximize the

rowth and biomass productivity of Chlorella sp. using POME. Different

ilutions concentration was applied to study the growth yield. Finally,

xtracted lipids from the biomass and subjected to determine the fatty

cids methyl ester by using GC-MS analysis. 

. Materials and methods 

.1. Microalgae isolation and identification 

The microalgae sample was collected from Pantai Balok, Kuantan

oast region (Latitude: 3°56.194 ′ N, Longitude: 103°22. 608 ′ E) in Pa-

ang State, Malaysia. The 5 𝜇m plankton net was used for the water

urface collection. All collected water samples were stored in 50 mL

alcon tubes and refrigerated while transferred to the FIST laboratory

f the Universiti Malaysia Pahang, Malaysia, for further testing. Col-

ected water samples were autoclaved to overcome unwanted microbes

ithout removing the minerals, allowing them to grow on a specific

edium for 14 days [26] . Standard plating methods were applied to sep-

rate the microalgae population on BG-11 nutrient agar. The microalgae

ere allowed to grow on Petri dishes filled with BG-11 medium with

H 7.5 ± 0.1, considered the most suitable condition for microalgae to

hrive at optimum level. The nitrogen stress condition was formed by

dding 0.025 g/L urea to the sample media. All microalgae were al-

owed to be cultured for two weeks. The cultures were examined using

he microscopic method to identify microalgae strains. Identifying the

pecies requires a data combination of morphology, microscopic and

enetic characterization. 

.2. Identification of microalgae using fluorescent and scanning electron 

icroscope 

A small drop of culture was placed onto a microscopic slide, and a

overslip was carefully put onto it. The decline was observed from lower

agnification up to higher magnification for morphological identifica-

ion. The species identification was made by observing the morphology
2 
nder a microscope with referred microalgae library. Cells were further

xamined using Scanning Electron Microscope (SEM) for morpholog-

cal features. SEM sample preparations were started by fixing it with

uffered aldehyde, followed by osmium tetroxide. It was dehydrated,

ried, mounted on a specimen stub, coated with platinum, and exam-

ned under the electron beam using SEM brand FEI QUANTA 450, USA.

.3. Isolation and characterization of Chlorella vulgaris 

The 200 mL microalgae culture obtained from UMP Algae Labora-

ory was grown in 50 mL of BG-11 medium in a conical flask equipped

ith an air bubble pump [35] . After colonization, a 13 mL culture was

entrifuged at 4000 rpm for four minutes using a benchtop centrifuge

Labnet Hermle, Japan). Then, the resulting pellet was taken using a

terile loop and streaked on each Petri plate containing solid BG-11

edium to obtain isolated colonies of Chlorella vulgaris . Those Petri

lates were stored under continuous illumination with white fluorescent

amps at room temperature [33] . To characterize Chlorella vulgaris , the

ingle colony was isolated and placed on a microscope slide to observe

he morphology of the grown microalgae. The morphological features

f potential Chlorella vulgaris were detected and recorded photographi-

ally at 100 x magnification using a fluorescence microscope. The sub-

icroscopic cellular components also were observed with a high degree

f specificity [ 36 , 37 ]. 

.4. POME medium preparation 

POME was obtained from Felda Global Ventures Plantations (Kilang

awit Panching, Kuantan, Pahang, Malaysia) and stored in a plastic con-

ainer at 4 °C to avoid contamination or biodegradation [38] . The sus-

ended solids of the POME were eliminated by filtering them using a

lter cloth [39] and then centrifuged at 8000 rpm for 10 min. Removing

uspended solids increases the light penetration that aids the photosyn-

hetic metabolism of microalgae [40] . The supernatant, which contained

utrients for microalgae culture, was obtained. Later, the POME was di-

uted using distilled water [41] to the ratios of 1:1 (500 mL: 500 mL),

:2 (333 mL: 667 mL), 1:3 (250 mL: 750 mL), and 1:4 (200 mL: 800 mL)

s shown in Fig. 1 . The dilution of POME improves the light penetration

nto the medium. The pH of the diluted medium was adjusted to set

bout 7.0 - 7.5 and autoclaved for 20 min at 121 °C to kill indigenous

ontaminants. After autoclaving, the pH of the POME medium was read-

usted to the range of 7.0 - 7.5 and re-filtered through filter paper Grade

 Whatman filter papers (diameter = 150 mm) before using it [41] . The

iluted POME medium with different ratios was sent to the Central Lab-

ratory of Universiti Malaysia Pahang, Malaysia, for characterization of

OME before microalgae cultivation. 

.5. Cultivation and culture conditions 

.5.1. Cultivation in BG -11 medium 

The single colonies of Chlorella vulgaris were picked aseptically from

he pre-cultured agar plates and inoculated into a 500 mL conical flask

ontaining autoclaved BG-11. They were grown under continuous illu-

ination (approximately 400 𝜇 mol m 

− 2 s − 1 ) with white fluorescent

amps and shaken manually thrice daily [42] . The culture was supplied

ith atmospheric air aeration as the carbon source and for agitation of

hlorella vulgaris cells [43] . The air supply was filtered using a 0.45 μm

ore size Whatman nylon syringe filter [44] . The operation of the cul-

ure was maintained at 25 ± 1 °C [40] . After the growth of Chlorella

ulgaris was confirmed when the culture turned from light green to dark

reen within one week, 480 mL of culture was transferred to a 1 L con-

cal flask containing 120 mL BG-11 medium and upscaled further until

t reached up to 2 L. The cultivation period was about 14 days. 

.5.2. Cultivation in palm oil mill effluent 

800 mL of the pure culture of Chlorella vulgaris was transferred to

 2 L conical flask. 200 mL of diluted POME medium with a ratio of
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Fig. 1. The growth rate of Chlorella vulgaris in BG-11 

medium (control) and POME medium of different dilu- 

tion ratios. 
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:1 was added to the same flask as the growth medium. The steps were

epeated using diluted POME medium with the ratio of 1:2, 1:3, and 1:4

n three different 2 L conical flasks. The inoculum-to-medium ratio was

aintained at 1:4, and the cultivation period plus conditions were kept

imilar to cultivation using BG-11 medium. The culture was upscaled

ntil the total culture volume reached 2 L [25] . 

.6. Biomass concentration determination 

The biomass concentration was determined daily throughout the cul-

ivation period. 1 mL of culture was obtained from each of the culture

asks and pipetted into a clean cuvette. The BG-11 medium and diluted

OME mediums with respective ratios were used as blank. The cultures’

ptical density (OD) was determined at 680 nm using Thermo Scien-

ific GENESYS UV-Vis Spectrophotometer. The biomass dry cell weight

DCW) was calculated based on OD reading at 680 nm as one OD at

80 nm equals 0.19 g/L dry cell weight [41] . The standard curve of dry

ell weight versus the number of days was constructed. 

.7. Recovery of biomass 

All the cultures of Chlorella vulgaris were grown for seven days be-

ore harvest [44] as they achieved the stationary phase on approxi-

ately day eight. The culture broth was transferred to 250 mL centrifuge

ubes and centrifuged at 5000 rpm for 15 min using a refrigerated high-

peed refrigerated centrifuge (CR21G Ⅲ , HITACHI, Japan) [36] . The

ellets were washed twice with distilled water. The supernatant was de-

anted for cultures grown in BG-11; meanwhile, for the cultures grown

n POME, the supernatant was collected and sent to Central Labora-

ory UMP for characterization of POME after cultivation. The harvested

et biomass (pellet) was placed in pre-weighed Petri dishes and oven-

ried overnight at 60 °C [ 16 , 45 ]. After drying, the weight of petri dishes

ith dried biomass was obtained again. The dry weight of biomass was

alculated by subtracting the importance of the empty petri dish from

he weight of the petri dish containing dried biomass. The recovered

iomass was grounded using mortar and pestle before lipid extraction

 46 , 47 ]. 

.8. Extraction of lipid 

Bligh and Dyer’s method was applied to extract crude oil from dried

iomass. About 1.25 grams were placed into a centrifuge tube (ISOLAB,

ermany). Then, 12.5 mL of chloroform: methanol (2:1 v/v) mixture

as added into the biomass and left soaked in the organic solvents for

our hours under continuous shaking at 150 rpm using IKA® KS 260
3 
asic rotary shaker at room temperature. After that, the mixture was

entrifuged for five minutes at 4000 rpm, and the lipid with solvent

as transferred into a separating funnel. The oil was separated from the

olvent once five millilitres of distilled water was added to the mixture.

he oil containing PUFAs found in the organic phase (bottom layers)

as collected in a rotary flask. The chloroform layer was aspirated from

he separated biomass and the oil by using a rotary evaporator. Finally,

he oil weight was calculated by subtracting the weight of the empty vial

rom that of the vial containing the oil; meanwhile, the oil percentage

w/w, %) was calculated using the following formula [48] . 

il content ( % ) = 

𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑜𝑖𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 ( 𝑚𝑔 ) 
𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ( 𝑚𝑔 ) 

× 100 (1)

.9. Transesterification 

The lipid was trans-esterified into FAME by taking 10 mg of Chlorella

ulgaris lipid and mixing it with 2 mL of hexane and 200 μL of 2 M

ethanolic KOH as the catalyst. Vigorous agitation was given to the mix-

ure for five minutes using a vortex (8031102000 MX-S, DLAB, USA).

or the FAME analysis by gas chromatograph, the upper clear super-

atant with hexane (organic layer) was collected [16] . 

.10. Gas chromatography-mass spectrometry (GC-MS) analysis 

The FAME sample was injected at a volume of 1 𝜇L in splitless

ode by an Agilent 7693 autosampler into an Agilent 7890A gas chro-

atograph (Agilent, Santa Clara, California, USA) equipped with a

0 m × 250 μm × 0.25 μm DB-Wax column with a chemically bonded

AME stationary phase. The injector temperature was 250 °C. The initial

urge flow rate was 50 mL/min, and after 2 min changed to 20 mL/min.

he column temperature was held at 50 °C for 1 min, increased by

5 °C/min to 2000 °C for 0 min, increased by 3 °C/min to 230 °C for

8 min, and the run time was 35 min. The column effluent was intro-

uced into the MS Source and MS Quad. The transfer line and the source

emperatures were 230 °C and 1500 °C, respectively. All GC–MS data

ere analyzed [44] . 

. Results and discussion 

.1. Isolation of microalgae Chlorella vulgaris 

The microalgae samples obtained from UMP Algae Laboratory were

rown under controlled conditions. After colonization, they were iso-

ated using the streak plate technique. The consortium of microalgae
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Table 1 

General characteristics of palm oil mill effluent (POME). 

Parameters Range of values for raw POME Values obtained for raw POME Regulatory discharge limits References 

COD (mg/L) 2845 ± 159 2900 1000 [38] 

BOD (mg/L) 25000 ± 1000 25000 100 [48] 

pH 8.0 ± 0.5 8.3 5.0 - 9.0 [38] 

Total Nitrogen (mg/L) 753 ± 15 750 200 [50] 

Phosphate (mg/L) 102 ± 2 100 - [50] 
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Table 2 

Changes in the characteristics of POME before and after Chlorella vulgaris culti- 

vation. 

Parameters 

Values obtained for diluted POME 

Before cultivation After cultivation 

Dilution ratios 1:1 1:2 1:3 1:4 1:1 1:2 1:3 1:4 

COD (mg/L) 706 404 294 287 487 287 147 144 

BOD (mg/L) 64 46 32 26 41 26 22 20 

pH 7.3 7.5 7.3 7.2 6.8 7.1 7.4 7.3 

Total Nitrogen (mg/L) 3.3 14 7 14 1.8 10 5 5 

Phosphate (mg/L) 14 8 6 10 10 6 4 3 
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pecies was grown on the solidified BG-11 media. Pure microalgae cul-

ures such as blue-green and green algae were gained by picking up

ingle colonies from the plate based on their colour and morphology.

he picked colonies were then again cultured on fresh media plates. 

.2. Identification of microalgae 

The morphological identifications of microalgae were made using

 fluorescence microscope (Olympus, Japan) based on their morphol-

gy, colour, shape and physical microalgae. They were the single strain

f Chlorella vulgaris was isolated and identified. Chlorella vulgaris have

pherical or slightly oval-shaped cells, about 2 - 15 𝜇m in diameter,

ithout flagella. The green colour of the microalgae shows that they be-

ong to the family Chlorellaceae of class Trebouxiophyeae and division

f Chlorophyta. It appears as single cells or in colonies. The matured

egetative cell has multiple parietal cup-shaped chloroplasts; younger

ells contain only one chloroplast and nucleus. Since Chlorella vulgaris

re non-motile microalgae, auto sporulation was the only mode of re-

roduction where the mother cells could divide up to 32 autospores via

itosis. The newly formed cell wall remains fragile during its early for-

ation in its auto sporangia. Still, cell wall thickness and composition

re not constant in the mature stage because they can change according

o different growth and environmental conditions [49] . 

Adding on, Chlorella vulgaris can accumulate lipids, especially

olyunsaturated fatty acids. Chlorella’s rapid growth rate is ideal for

roduction because it is remarkably resistant to harsh conditions and

nvaders. On the one hand, they are a food source, raw material for

iofuel production and also applied for wastewater treatment as they

fficiently remove Nitrogen, phosphorus, COD, plus BOD concurrently.

hlorella vulgaris produce oxygen via photosynthesis, which will be con-

umed by bacteria in wastewater. Symbiotically, the bacteria exhale CO 2 

o convert the nutrients available in the wastewater for their growth and

etabolism [8] . 

.3. Characterization of POME 

The characterization of POME may vary according to the perfor-

ance of the palm oil mill’s production flow [50] . The overall character-

stics of raw POME obtained from the Felda Global Ventures Plantations

Kilang Sawit Panching, Kuantan, Pahang) plant and the regulatory dis-

harge limits are presented in Table 1 . Undeniably, the discharged efflu-

nts from palm oil mills often do not fulfil the regulatory discharge lim-

ts. Therefore, converting POME into an environmentally friendly waste

equires an efficient treatment like microalgae cultivation [51] . 

The microalgae were cultivated based on various dilution ratios. The

aw or partially treated POME has an extremely high content of degrad-

ble organic matter. The more organic content in POME, the higher the

xygen demand required to decompose organic matter, thus leading to

elatively more elevated BOD [52] . This is proven in the 1:1 dilution ra-

io of POME compared to 1:4 because the portion of POME is higher con-

urrently high BOD ( Table 1 ). Moreover, Chlorella vulgaris also achieves

lmost 50 % reduction in COD concentration, correspondingly to Al-

mshawee et al. [53] . 

Furthermore, the POME medium showed a better carbon source for

hlorella vulgaris growth than the BG-11 medium. The photosynthetic

O fixation by microalgae allowed the equilibrium to shift to replace
2 

4 
he exploitation of CO 2 by the microalgae. The efficient photosynthetic

etabolism of microalgae enhanced O 2 evolution that reacts with free

ydrogen ions to form free OH 

− radicals and contribute to pH increase.

herefore, CO 2 was supplied continuously in this study to ensure that

he pH values did not drastically increase. POME contains sufficient Ni-

rogen and phosphate, which supports microalgal growth. They substi-

uted the role of BG-11 medium and performed much better. These nu-

rients promote the photosynthesis of Chlorella vulgaris to yield lipid-rich

iomass. As the microalgae grow, it facilitates nutrient reduction in the

OME medium and improves the quality of POME [54] . The compara-

ive differences in the characteristics of POME before and after Chlorella

ulgaris cultivation are presented in Table 2 . 

.4. Growth analysis of Chlorella vulgaris 

The biomass concentration of Chlorella vulgaris was measured using

 UV-Vis spectrophotometer at 680 nm [ 8 , 41 , 55 ]. The optical density

OD) for control and experiments was plotted against the number of

ays, as shown in Fig. 1 . The growth of the Chlorella vulgaris (control,

atio 1:2 and 1:3) had increased from day 1 to day 10 and began to de-

rease from day 11 to day 22. Notably, the growth of Chlorella vulgaris in

atio 1:4 has shown a shorter lag phase and reached the stable station-

ry phase quickly on the sixth day than others (day eight). Acclimati-

ation of microalgae strains in POME can enhance the adaptability and

horten the lag phase of microalgae growth [56] since the growth phase

f the microalgae has a strong connection with lipid accumulation in

icroalgae cells, the stable plus lengthier stationary phase in ratio 1:4

ids the generation of high lipid-rich biomass. The overall growth in ra-

io 1:4 was vigorous, while in ratio 1:1 was poor compared to control or

ther dilution ratios. This proves that raw POME should be diluted to

nhance microalgae growth. Likewise, the weak growth of Chlorella vul-

aris in the 1:1 dilution ratio indicates that the higher portion of POME

s not suitable, and the darker colour of POME leads to inadequate light

enetration [ 22 , 57 ]. 

Besides, the specific growth profile of Chlorella vulgaris in terms of

ry cell weight was calculated based on mean OD readings at 680 nm

1 OD at 680 nm = 0.19 g/L dry cell weight) [41] . Fig. 2 demon-

trated the dry cell weight of Chlorella vulgaris in a 1:3 dilution ra-

io was slightly higher at day 10 (0.3741 g/L) than in BG-11 medium

0.3409 g/L), 1:1(0.2981 g/L) and 1:2 (0.3487 g/L) dilution ratios. But

he dry cell weight of Chlorella vulgaris in a 1:4 dilution ratio reached up

o 0.4273 g/L. This was due to sufficient nutrient supply in the POME

edium with a 1:4 dilution ratio. This means that Chlorella vulgaris ex-
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Fig. 2. The dry cell weight of Chlorella vulgaris in BG-11 medium (control) and POME medium with a 1:4 dilution ratio. 

Fig. 3. The lipid content of Chlorella vulgaris in BG-11 medium 

(control) and POME medium with a 1:4 dilution ratio. 
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ibits higher feasibility to grow in lower POME concentration than in

G-11 medium. In a cultivation process, organic compounds in palm

il mill effluent faced a degradation that led to increased inorganic nu-

rients that contributed to greater microalgae cell density. At the same

ime, nutrients will be depleted as microalgae consumption successfully

emoves pollutants at the end of the culture [8] . 

.5. Extraction of microalgal lipids 

The effectiveness of using POME for microalgae cultivation was de-

ermined by biomass concentration and lipid content. Fig. 3 shows

he lipid obtained from the biomass of Chlorella vulgaris. Lipid con-

ent increased along the cultivation cycle until the stationary phase.

he Chlorella vulgaris cultivation with POME using a 1:4 dilution ratio

ielded 21 % lipid (0.42 g/L) ( Fig. 3 ) from two grams of dried biomass.

eanwhile, the percentage is not up to the lipid produced by Chlorella

ulgaris when grown in BG-11 medium (18.5 % = 0.37 g/L). During

he log phase, the microalgal cells grew exponentially and quickly con-

umed nutrients in the POME media. So, the biomass concentration

s higher than lipid accumulation [ 31 , 36 ]. Despite this, overall slow

iomass growth along the stationary phase, particularly after the 10th

ay, has brought about relatively higher lipid yield [55] . Furthermore,
5 
entrifugation also supports the production of a high amount of lipids

nd FAMEs [36] . 

.6. Fatty acid methyl ester analysis by gas chromatography-mass 

pectrometry 

A few techniques can be used to detect fatty acids or derivatives

FAME), especially GC-MS. This technique has been used broadly in de-

ecting fatty acids in animals, plants and other organisms that have 12 to

4 carbon atoms in their carbon chains. The methyl esters were obtained

y converting the fatty acids in the lipid of Chlorella vulgaris. This aids

hem to be volatile enough for gas chromatography analysis. Table 3

hows GCMS compounds that were detected in the FAME of Chlorella

ulgaris cultivated in BG-11 and 1:4 POME medium. Nirmala & Dawn

58] have studied the growth of Chlorella vulgaris in various cultivation

ediums for biomass and lipid productivity. Among all of the medium,

hlorella vulgaris perform better concerning biomass and lipid in the BG-

1 medium. There were many other PUFAs present when they altered

he cultivation conditions. According to Chi et al. [59] , Chlorella vulgaris

as able to yield higher biomass and lipid. Its fatty acid profile is more

uitable for nutritional uses because it is more concentrated in polyun-

aturated fatty acids such as eicosapentaenoic acid (EPA). The present
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Table 3 

Comparison of fatty acids composition of Chlorella vulgaris between BG-11 

and POME media biomass. 

Name 

Fatty 

acids 

Yield (%, w/w) under different media 

BG-11 POME 

Palmitic acid C16:0 40.39 40.41 

Palmitoleic acid C16:1 1.87 1.77 

Stearic acid C18:0 3.21 3.25 

Oleic acid C18:1 28.14 28.53 

Linoleic acid C18:2 24.43 24.22 

Linolenic acid C18:3 1.85 1.86 

Cis-11 eicosenoic acid C20:1 0.11 0.15 

Saturated fatty acid 43.6 42.28 

Monosaturated fatty acid 30.12 30.55 

Polyunsaturated fatty acid 26.28 26.18 

Total 100 100.19 
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esults agree with the previous study that reported that Chlorella vulgaris

ould survive easily in wastewater and improve polyunsaturated fatty

cids like eicosenoic acid and docosahexaenoic acid (DHA) [36] . 

After lipid extraction, esterification was carried out with methanol

nder potassium hydroxide catalysis to determine the fatty acids. The

atty acid content of the lipids recovered from Chlorella vulgaris culti-

ated under different media conditions is shown in Table 3 . Algal lipid

uality classified in biotechnological applications depends on the fatty

cid profile. Fatty acid chains varied from C16:0 to C20:1 in length. The

redominant saturated, monosaturated fatty and polyunsaturated fatty

ere C16:0 (palmitic acid), C18:1 (oleic acid) and 18:2 (linoleic acid).

here were no significant differences in the fatty acid accumulation be-

ween BG-11 and POME media (p-value < 0.05). Moradi-Kheibari et al.

60] reported that the overall fatty acids concentrations stabilized as

onger chain fatty acids were produced by consuming the shorter chain

atty acids from the 20 th day onwards of cultivation. Therefore, har-

esting after an optimal time of cultivation can yield more fatty acids.

iosynthesis of fatty acid occurs when shorter chain fatty acids act as a

recursor for the longer chain of fatty acid synthesis. These fatty acids

re omega-3 fatty acids associated with fetal development, cardiovas-

ular disease, inflammation, lowering cholesterol levels and prevention

f Alzheimer’s disease upon regular consumption, thus being a valuable

ood supplement [61] . 

. Conclusions 

This research has demonstrated that growing the Chlorella sp. in

OME had correspondingly improved the biomass amount and PUFA

ontent. The growth of Chlorella sp. in POME with a 1:4 dilution ratio

ives the highest biomass yield (0.42 g/L); meanwhile, it also contains

dditional PUFA content in the microalgae’s lipid (0.42 g). Although

OME contains abundant nutrients that aid the growth of PUFA-rich

hlorella sp., it is always the most significant barrier to meeting stan-

ard discharge limits by the industries. Moreover, raw POME is not

avourable for growing microalgae as its darker colour can affect the

ight intensity and high acidity level. Nevertheless, diluting POME is

referable to make it worthwhile for microalgae growth. Hence, the 1:4

ilution ratio was the best formulation for the Chlorella sp. growth in

his study because it supports the growth and lipid accumulation at

 time. Furthermore, cultivation of Chlorella sp. efficiently treats the

OME by consuming the organics and nutrients for its growth since the

OD, COD, total Nitrogen and phosphate were reduced after the cul-

ivation in POME with a dilution ratio of 1:4. Eventually, POME also

tands a high chance to meet standard discharge limits. GC-MS analysis

f FAME in Chlorella sp. grown in 1:4 ratio pieces of evidence of the op-

imization of PUFA content in the lipid. In a nutshell, Chlorella sp. can

row well in terms of PUFA-rich lipid and biomass simultaneously when

ultivated using POME with a dilution ratio of 1:4. 
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