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Abstract: Aims: This study was carried out to study the optimized condition for microalgae culti-
vation in terms of light intensity, and nutrient supply. Also, use of a carbon source was studied to
optimize the microalgae growth to produce microalgae with a high biomass productivity and a high
lipid content.

Background: Algae can be categorized into macroalgae and microalgae. Commonly, microalgae
are used to produce biodiesel since microalgae can yield 5000-15000 of oil gallons compared to
plant-based biomass as feedstock produced 50-500 oil gallon. Furthermore, microalgae do not face
any food crisis and can be cultivated in any wasteland that is not suitable for agriculture throughout
the year, compared to crops. Microalgae can also be cultivated in freshwater, saline water and
wastewater.
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DOI: were cultivated under medium light intensity and MZ1, MZ2, MZ3 MZ4 became control culture
10.2174/2211550110666210204151145 that was cultivated under high light intensities and no light condition.

@ CrossMark Results: The effect of light intensity, NPK fertilizer, and glucose on microalgae’s biomass produc-
tion will be observed simultaneously. At the end of cultivation, MX2 obtained the highest biomass
of 97.186 g. The oil extraction yield is 9.66%. GC-MS analysis showed the presence of UFA and
PUFA in the oil.

Conclusion: Thus, future research is needed to improve the technique to increase the microalgae
biomass and lipid to become the potential feedstock for the production of biodiesel.
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1. INTRODUCTION

In the last few decades, a trend showed that global trans-
port energy usage increased steadily at a rate of 2% to 2.5%,
and the pattern is expected to be continued until 2040 [1].
Hence, the environmental-friendly biofuels are seen as an
ideal alternative to replace fossil fuels since the biofuels are
produced from renewable sources such as biomass from
plant or animal waste.

In the earlier production of biofuel, the feedstock used to
produce biodiesel was plant-based oil, which is excellent for
the production of biofuels but can lead to a food crisis.
Hence, second-generation biofuel exists to combat the issues
related to the first-generation biofuel. Nevertheless, the cost
of biomass treatment is high and leads to current research,
which is the third-generation biofuel derived from algae bio-
mass. Microalgae do not face any food crisis and can be cul-
tivated in any wasteland compared to crops [2].
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Commonly, microalgae are used to produce biodiesel
since microalgae can yield 5000-15000 oil gallons compared
to plant-based biomass. The microalgae need to be cultivat-
ed to get a sufficient amount of microalgae biomass, which
will undergo lipid extraction to obtain the oil that contained
triglycerides. Microalgae can be grown in an open pond sys-
tem or a closed system with nutrients accessibility, light,
pH, and temperature. These factors will determine the
amount of biomass produced for lipid extraction [2].

Thus, optimization of microalgae growth is essential to
obtain a high yield of oil during the extraction of lipids by
adjusting parameters during cultivations to be the replace-
ment of fossil fuels and food-based feedstock for biodiesel.
By using renewable energy sources like microalgae, we can
curb pollution and fossil foils depletion problems. We can al-
so avoid competition between the biofuel and the food indus-

try.
2. MATERIAL AND METHODS

2.1. Microalgae Identification Contained in the Samples

Two liquid samples were obtained from an aquarium
and the pond water. Both locations are located in the Univer-
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siti Malaysia Kelantan area. A light microscope was used to
observe the sample. The morphology of the microalgae has
been found to identify the species. A previous study was re-
ferred that identified the species.

2.2. Microalgae Cultivation in Different Parameters

2.2.1. Effect of Light, Nutrient and Carbon

The microalgae were cultured in containers and filled
with 12 L of pond water and 4 L distilled water. Cultures for
the extreme light condition were labeled as MX1, MX2,
MX3, and MX4 and equipped with eight lamps for every
two aquariums. Cultures marked MY1, MY2, MY3, and
MY4 were cultivated under moderate light condition and
equipped with one lamp for each aquarium. Lux meter was
used to measure the light intensity, and average intensity val-
ues were being recorded. Aluminum foil was used to fully
cover MZ1, MZ2, MZ3, and MZ4. Similar temperature, pH,
and nutrients were set for all the cultures, and the air pump
was used to provide aeration with a flow rate of 3 L/min.
The cultures with the light present were exposed to a contin-
uous light cycle, and observation of the microalgae growth
was done continuously for 14 days with three days interval.
Container MX1, MY 1, and MZ1 were enriched glucose con-
centration 12 g L and 30 g L' NPK fertilizers as the additio-
nal nutrient. MX2, MY2, MZ2 were provided with 30 g L
NPK fertilizers to measure the effect of NPK fertilizer.
MX3, MY3, MZ3 were enriched only with 12 g L' glucose
to measure the impact of glucose on the microalgae culture.
MX4, MY4, and MZ4 contained only pond water and dis-
tilled water and acted as the control for the nutrient and car-
bon parameter. The parameter was done simultaneously, and
the observation was done for 14 days with three days inter-
val to record the growth of the microalgae.

2.3. Determination of the Number of Cells in the Culture
for Cells Growth

Leica camera microscope connected to a computer was
used to ease the cell counting process using the hemocytome-
ter. The equation used to count the growth of the average
cells was;

n

o 4
N ==x10 )

Where;
N = microalgae density (cells mL-1)

n = average amount of microalgae observed in the
square. x= Volume of the counted square

2.4. Microalgae Harvesting

The centrifugal method has been used for microalgae har-
vesting. The processor used Supra 22K which was equipped
with an A250T-6 rotor. Microalgae culture that has the high-
est biomass was centrifuged for 15 minutes at 5800 rpm. Six
bottles with a volume of 250 mL were being weighted using
analytical balance before the centrifugation process.
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2.5. Cell Disruption Process and Lipid Extraction

After the harvesting process, the microalgae biomass
was dried in the oven at 70°C for 24 hours to dry the mois-
ture content of microalgae. Then, the dried biomass was
grounded by using pestle and mortar. The microalgae bio-
mass obtained underwent lipid extraction using the Soxhlet
extraction method ratio of 1 g of biomass: 3 n-Hexane. The
extraction took place for 8 hours at 68°C. Then, the rotary
evaporator with a condition of 68°C and 50 rpm was used to
separate the solvent phase from the oil for one hour.

2.6. Analysis of Microalgae Oil

2.6.1. GC-MS analysis

Before the analysis, the microalgae oil was prepared to
get the purified oil for the analysis. Thus, a Syringe filter
with a 0.45pm filter was used to filter the oil. The prepared
sample was poured into a 1 mL vial. GC-MS analysis was
used to analyze and evaluate the lipid profiles. The microal-
gae oil analysis was performed using Agilent Tech. G7039A
Gas Chromatography-Mass Spectrometry machine. The col-
umn used in the study was a fused-silica capillary column
(30 mm x 0.25 pm, i.d., thickness 0.10 um). The column
flow rate was 1.0 mL/min. The initial temperature was set at
50 °C and was held for 5 minutes. The heating rate was 15
°C before it reached the final heat, which is 300 °C, and the
hold time was 15 minutes.

2.7. Statistically Analysis

Two-way ANOVA and student’s t-test was carried out
using to test the significant difference between the parame-
ter using IBM SPSS Statistic 25. Statistical analysis using
two-way ANOVA was done to study the interaction be-
tween light condition and nutrients present in the culture.
The student’s paired t-test was done between light condition
and no light condition.

2.8. Oil Extraction

The biomass recovered during harvesting was 97.186 g
for the first batch of MX2. The second batch cultivation
with a similar condition as MX2 obtained 97.851 g in the
cultivation. Fig. (6) shows the microalgae biomass that has
been harvested. The highest lipid extraction yield produced
by microalgae was 9.66%.

2.9. Wet Paste Microalgae VS Microalgae Dry Powder

97.186 g of the microalgae biomass, which is in a wet
paste form, is being extracted and produced in a greenish col-
or in the solvent. Then, after evaporation,10 mL of clear
liquid was obtained, which shared characteristics like water,
as illustrated in Fig. 7, and no oil was achieved because a
moisture content in the biomass was extracted along with
other components.

The microalgae powder was extracted using Soxhlet ex-
traction and produced a yellowish-greenish solution com-
pared to microalgae in the wet paste form. Fig. 7 shows the
result of evaporation. The oil extraction yield is 9.66%.
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2.10. GC-MS Analysis

Based on the result obtained, Eicosadienoic acid, methyl
ester (C20:2n-6¢,9¢), and Octadecenoic acid (C18:1) were
the fatty acids found in the microalgae oil. As for the result
of this study, the microalgae oil showed a frequent area of
C18:1, which was 36.45% and had 83.92% of the score, indi-
cating the potential of microalgae oil to become feedstock
for the production of biodiesel. In this study, 3.04% is the
(C20:2n-6¢,9¢) which is categorized as polyunsaturated fatty
acid (PUFA).

3. RESULTS

3.1. Microalgae Identification

Figure 1 and 2 show the difference in the type of microal-
gae contained in both samples, observed under a light micro-
scope. In 0.05 ml of the sample, the result showed that pond
water has more microalgae species than aquarium water, as
shown in Fig. 3. The species in the pond water were recog-
nized as Scenedasmus sp. (S1), Monoraphidium sp. (S2),
and Chlorella sp. (S3). The aquarium water only contained
Scenedasmus sp. (S1) [3].

(S1) SZ) \ (S3)

Fig. (1). Species found in both sample, Scenedasmus sp. (S1),
Monoraphidium sp.(S2) and Chlorella sp. (S3). (A higher resolu-
tion / colour version of this figure is available in the electronic
copy of the article).

Fig (2). Microscopic picture of MX2 at day 12. (4 higher resolu-
tion / colour version of this figure is available in the electronic
copy of the article).
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3.2. Growth Study of Microalgae in Different Parame-
ters

3.2.1. Effect of Light

Fig. 4(a) shows the growth curve of MX1, MY1, and
MZ1, and the highest growth curve at the early stage be-
longs to MX1 that has been exposed to 5603.33 lux light,
i.e. the highest light intensity in the experiment. MX1 also
does not show any lag phase compared to MZ1 culture. How-
ever, MX1 growth started to drop drastically on day six and
continued to decline until day 14, probably because of the
over-exposure of light and the photoinhibition of MY1 that
was exposed to 336.76 lux. It shows that the culture growth
undergoes an early exponential stage compared to MZI.
However, the increase in MY is still lower than MX1 since
the amount of light provided was different. The new growth
of culture starts after the death phase on day 12 because of
little competition of nutrients and light sources. Neverthe-
less, both MX1 and MY1 undergo the early death phase com-
pared to MZ1, which is related to the presence of nutrient
and carbon sources. The results also show that the photoinhi-
bition occurred in both cultures. As for MZ1, the growth ful-
ly utilizes the nutritional sources that are present in the cul-
ture since it does not have light sources, but the increase is
slower than MX1 and MY1.
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Fig. (3). Microalgae species and amount of biomass contained in
both samples. (4 higher resolution / colour version of this figure is
available in the electronic copy of the article).

Fig. 4(b) also indicates that MX2 has the highest cell
growth since it received the highest light intensities. The
graph shows that microalgae that have been receiving ex-
treme light with the aid of nutrients can produce high bio-
mass. Even at the death phase, the amount of biomass con-
tained in the culture is still the highest compared to MY2
and MZ2. The culture also does not encounter the early
death phase, like MX1. The death phase-only occurred at the
end of the cultivation, which indicated that the photoinhibi-
tion does not happen during the cultivation phase and only
happened at the end of cultivation. MY?2 has lower light in-
tensity compared to MX2. Thus, the culture shows that the
microalgae biomass decreases drastically after day three and
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Fig. (4). The growth curve of cultures (a) MX1, MY 1 and MZ1, (b) MX2, MY2, and MZ2, (¢) MX3, MY3, and MZ3 and (d) MX4, MY4,
and MZ4. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

encounters the early death phase on day six. Despite the ear-
ly death phase, the culture does not show any lag phase and
stationary phase.

Nonetheless, after day 10, the cells started the new cycle
and increased gradually until day 12. The cells' growth be-
gan to decline at day 12 as the nutrient might be depleting.
Similar to MZ1, the growth of MZ2 wasgradually increased,
but it was the slowest compared to MX2 and MX2. MZ2 cul-
ture used heterotrophic mode, which utilizes the NPK fertil-
izers for microalgae productivity.

Fig. 4(c) illustrate the growth curve of cultures with the
presence of glucose in three different light intensities, which
are labeled as MX3, MY3 and MZ3. Similar to other cul-
tures, the highest growth curve belonged to MX3 since it
was cultivated under extreme light compared to the other
two. Nevertheless, on day 6, the culture already encountered
the death phase, probably due to excessive sources that
the microalgae obtained in terms of light and carbon. But,
the new cycle started quickly since it was still exposed to
extreme light conditions until the end of cultivation. MY3
has a similar growth pattern to MX3 except for day 14, in
which the curve indicates the death phase of the cultures due

biomass covered the top of the cultures. The increase of bio-
mass on day six was because of low competition for the
sources among cells. For MZ3 culture, the growth curve still
has a noticeable improvement since it is supplied with glu-
cose. Hence, the microalgae use glucose in the metabolism
pathway to do cell proliferation to increase the number of
biomass.

Fig. 4(d) shows the cell count with glucose sources for
MX4, MY4, and MZ4. The cultures were not enriched with
any additional nutrient sources and relied solely on the light.
MX4 shows slow growth and encounter lag phase, despite
cultivated under extreme light intensities since it was not
supplied with external sources compared to cultures with the
same light condition. Nonetheless, culture has a longer
growth curve compared to MX1, MX2, and MX3. MY4 also
showed a slower growth compared to MX4, but the cultures
underwent a late exponential phase, which was on day 12.
However, the death phase immediately happened probably
because of high competition for nutrients since the microal-
gae culture obtained the highest biomass on day 12. MZ4
has the fastest microalgae growth compared to MX4 and
MY4 by utilizing the atmospheric CO, to grow.
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Fig. (5). The growth curve of cultures (a) MX1, MX2, MX3 AND MX4, (b) MY1, MY2, MY3 and MY4 and (c) MZ1, MZ2, MZ3 AND

MZ4.

3.2.2. Effect of Nutrient and Carbon Sources

Fig. 5(a) shows the difference in the growth curve be-
tween MX1, MX2, MX3, and MX4. MX1 and MX2 have a
higher growth compared to MX3 and MX 4 at day 0 to day
3. The maximum biomass density can be seen on day 3 by
MX1 since it is supplied with the presence of NPK fertiliz-
ers and glucose with the aid of extreme light conditions com-
pared to other cultures. However, since the culture has been
put under high light intensities, the photoinhibition was like-
ly to happen, and the abundance amount of additional nutri-
ent sources also inhibited the cells from growing, resulting
in the growth declin on day 14. From Fig. 5(a), MX2 shows
that the growth increases steadily and reached maximum
growth at day 12 with 304000 cells/ml. The drastic growth
in the first three days of cultivation was because of NPK fer-
tilizers, and it contributed to rapid cell growth and frequent
cell division, and the growth continued until the day 12. Af-
ter day 12, the microalgae started to undergo the death
phase, which cells are likely to die, which we assume the
concentration of NPK fertilizer is decreasing at the end of
the cultivation [4]. MX3 culture contained only glucose in
which the growth curve showed a slow growth from day ze-
ro to day six, and the growth encountered the late exponen-
tial phase after day six. Yet, the culture still indicated a posi-

tive growth, which could be concluded saying that the mi-
croalgae use the mixotrophic mode in the cultivation. Thus,
the combination of light and glucose sources can stimulate
the growth of microalgae [5].

Fig. 5(b) shows the growth curve for MY 1, MY2, MY3,
and MY4, which have lower light intensities than MXs cul-
ture. However, the condition for each culture in terms of
NPK fertilizer was similar to MXs culture. MY1 has the
highest biomass productivity at the early stage of the cultiva-
tion before it started to decrease gradually, indicating the
death phase in the culture. The new cycle started because of
a low number of cells and little competition for nutrients.
MY?2 cultures also have noticeable growth at the early stage
of cultivation.

Similar to MY1, the death phase also started earlier,
which was on day 6. In the cultures, the presence of NPK fer-
tilizers does not have a significant impact on the amount of
biomass produced by microalgae compared to MY and
MY3. However, after day 6, the cultures started to
growwhich was assumed due to the presence of light in the
cultures. Positive growth has also been shown by MY3 cul-
tures, glucose-enriched culture with the aid of low light. The
death phase also happened earlier in this culture due to the
depletion of glucose. Similar to MY2, cell proliferation start-
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ed after the death phase since the cultures still have light
sources as the energy supply for growing. Compared to
other cultures with the same light condition, MY4 was entire-
ly dependent on a light source that has been supplied since it
does not have any additional nutrient sources, which ex-
plained the slow growth of the cultures. Nonetheless, the
growing phase was longer than other cultures treated under
the same light condition.

Fig. 5(c) shows the growth curve for MZ1, MZ2, MZ3,
and MZ4. Aside from not supplying with light sources, each
culture received the NPK fertilizers similar to MXs culture
and MYs culture. The highest cell density was produced by
MZ1, which has NPK fertilizers and glucose compared to
the lowest growth curve, which is MZ4 since it does not en-
rich with additional nutrient sources. Compared with MX1
and MY1, the production of microalgae in MZ1 is lower
since the light intensity also needs to be considered in mi-
croalgae cultivation. However, compared with the cultures
under the same light condition, the culture has the highest
growth at the initial cultivation stage.

Nonetheless, at the end of the cultivation, the culture
growth also dropped drastically, similar to MX1. MZ2 cul-
tures undergo an early exponential phase since it does have
NPK fertilizers to boost the microalgae growth, which has
the same growth pattern as MZ1. For MZ3, the growth was
steadily increasing, which raised at the earlier stage (expo-
nential phase) but have a constant decrease until day 14
(death phase). The continuous growth of MZ3 culture must
be contributed by the glucose as the carbon source to enable
the microalgae to do the heterotrophic mode since no light
was provided to the culture. At the end of the cultivation, the
culture that obtained the highest biomass, i.e. MX2 culture
which contained NPK fertilizers and has been cultivated un-
der the extreme light intensity, was chosen to be harvested.

3.2.3. Statistically Analysis

Based on a two-way ANOVA result, there was a statisti-
cally significant interaction between light intensity and pres-
ence of nutrient sources with the cell count of the microal-
gae biomass, which at p=0.002, and the p-value is 0.002.
There are also significant differences between the condition
of light, which was p<0.0005, and the result was also ap-
plied to the presence of nutrient sources since it shows signif-
icant differences between the presence of the nutrient
sources at p = 0.002.

The student’s t-test for light intensity also has been done
between extreme light conditions and even the no-light con-
dition. Since the Sig. (2-tailed) value is 0.005, which is <
0.005, we can conclude that there was a significant differ-
ence between the mean number of cells count between these
two conditions. Hence, there was a significant difference in
the amount of microalgae cells count for extreme condition
light (91966.67 + 132965.715) and the control condition,
which is no light condition (11741.67 = 12219.475) condi-
tions; t:46=2.943,p=0.005.
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4. DISCUSSION

Based on results, it shows that pond water contained
more microalgae biomass compared to the aquarium sample,
due to the locations of the pond that is more suitable for mi-
croalgae cultivation since it is exposed to sunlight and atmo-
spheric carbon dioxide. The ponds also received nutrients
from excessive fertilizers from the nursery since it flowed in-
to the pond water. In contrast, the aquarium location has a
limited light source, and it was not enriched with any additio-
nal nutrients [6].

Generally, low light intensities cannot provide enough
amount of light for the microalgae cells for carrying out the
photosynthesis and the cell proliferation since the light can-
not penetrate the dark areas that have been covered by the
microalgae cells. Thus, cells in low light intensities have
lower cell counts than in extreme light. As for the control
culture, which is the dark condition, all the cultures show
the slowest growth compared to the other two conditions.
The cultures in no light condition use a heterotrophic mode
in which the microalgae will utilize the nutrient present in
the culture and the carbon sources. Thus, the growth was
much slower than the cultures that have been placed under
fluorescent lamps. A previous study stated that lower light
intensities and temperatures would slow down the growth of
microalgae [7].

In the study of nutrients and the carbon present, from all
the result shown, MX1. MX2, MX3, MY1, MY2, and MY3
proved that additional nutrient and carbon sources, as well
as cultivation in the presence of light sources, can increase
the number of biomass in a shorter time. All the cultures
will show a drastic increase in the biomass at the early stage
of the cultivation compared to cultures that do not have addi-
tional nutrient sources. The presence of additional nutrients
boosts the growth of microalgae. Carbon sources can also in-
fluence the growth of microalgae, especially during the
heterotrophic mode, which only utilizes organic compounds
without light sources. Thus, in this experiment, glucose is
used to provide carbon sources to the microalgae. Glucose
mainly enhanced Chlorella kessleri sp. under mixotrophic
and heterotrophic conditions. Although glucose increases
the microalgae productivity, it also triggers the growth of fil-
amentous fungi. However, the growth of filamentous fungi
and microalgae can increase the production of lipid as fila-
mentous fungi can synthesize up to 46.6 of lipid [8, 9].

Literature data show that a pH value of 8.5 improves the
microalgae growth in the presence of bicarbonate as the car-
bon sources. The result shows the Synechoccous growth im-
proved when the pH reached 8.5. However, the production
of biomass decrease. Thus, the best condition for microalgae
cultivation is at pH 7.7 which obtained 6 g L™ of dried bio-
mass for 250 mL culture [10].

Based on the two-way ANOVA, it can be concluded that
there was a statistically significant interaction between light
intensity and presence of nutrient sources with the cell count
of the microalgae biomass, which is F(6,60)=3.975,p=0.002.
Thus, the cultures which have both light source and addition-
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al nutrient sources can contribute to high microalgae bio-
mass production since both light and nutrient can aid the mi-
croalgae growth compared to cultures that only depend on at-
mospheric condition. As for t-test between no light condi-
tion and the presence of the light, we can conclude that light
intensities play a significant role in microalgae growth.

During the extraction process of the wet paste, due to the
limitation of feedstock, low oil was extracted. Based on pre-
vious studies by Sharmin et al. (2016) showed that the oil re-
covery for n-hexane by wet biomass is 2.49%, which differs
from this experiment since the extraction produced water--
like liquid as shown in Fig. (6). This probably is due to the
number of lipids contained in the microalgae or depends on
species that are used in the extraction process [11]. As for ex-
traction using microalgae powder, it produced a yellowish-
greenish solution compared to microalgae in a wet paste
form, as seen in Fig. (7). The oil extraction yield was more
significant than the one by Tantichantakarun ez al. (2019)
who obtained 5.52% [12]. However, the oil yield was low
for biodiesel production probably because Soxhlet extrac-
tion is not suitable to extract some species contained in the
culture since the cell walls of the microalgae species are
thick and hard to disrupt, such as Chlorella sp.

Fig. (6). Microalgae biomass after the centrifugation process. (4
higher resolution / colour version of this figure is available in the
electronic copy of the article).

For microalgae analysis, the previous study found that it
is common to find saturated fatty acid in microalgae as
shown in Fig. (8). The result of this study is consistent with
the statement made in the last study since it consists of
C20:2n-6¢,9¢, and C18:1. Besides, the composition consist-
ed of C16-C20 which is suitable for the production of biodie-
sel. Moreover, a saturated fatty acid commonly gives a bet-
ter impact on biodiesel and also crucial in biodiesel produc-
tion. The PUFA found in the oil can be used in other areas
such as cosmetics fields since PUFA is commonly known to
have a higher oxidation value compared to a monosaturated
and saturated fatty acid [13, 14].

Ching and Shukri

Fig. (7). Moisture extracted from the wet paste biomass. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

Fig. (8). Comparison between wet route and dry route extractions.
(4 higher resolution / colour version of this figure is available in
the electronic copy of the article).

Fig. (9). Extracted oil obtained from microalgae biomass in the
powder form. (4 higher resolution / colour version of this figure is
available in the electronic copy of the article).
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Fig. (10). GC-MS extractable profiles of microalgae oil extracted using Soxhlet extraction. (4 higher resolution / colour version of this fig-

ure is available in the electronic copy of the article).

Stearic (-octadecanoic-C18:0) is one of the fatty acids
that is based on the microalgae oil and found at the accumu-
lation of lipid in lag or stationary phase. However, both satu-
rated (SFA) and unsaturated (UFA) microalgae oils should
be a balance in the composition to produce biodiesel that has
a high quality. However, the studied microalgae oil does not
show any unsaturated oil in the composition because of the
growth phase during cultivation or the nutrient provided dur-
ing cultivation that affects the content of lipid in microalgae
(Fig. 9) [15, 16].

During the cultivation process, the microalgae cultures
faced the death phase or crash culture, which affected the
amount of microalgae production. The culture crashes can
be caused by a variety of factors such as the depletion of nu-
trients, pH disturbance, or contamination. Microalgae crash-
es can be controlled by applying a small dose of pesticides
and antibiotics to control contamination. Suitable concentra-
tions of nutrients are needed to increase the microalgae.

Humphrey et al., 2019 stated that the microalgae cultiva-
tion process could also be improved by developing a better
empirical model that gives an accurate description of cultiva-
tion compared to the Logistic and Manod models for growth
(Fig. 10). It was also found out that magenta light is better
than other light sources such as sunlight and white light at
high intensities [15, 17, 18].

CONCLUSION

For prospects, it is necessary to study the best species of
microalgae that have the highest cell productivity to get a
higher biomass in a shorter time. It is also essential to know
which day is suitable for harvesting to get increased extract-
ed oil production since the stationary phase produces the
highest oil yield during extraction. Direct extraction from
wet microalgae biomass should be investigated as it can be
both cost- and time-effective.
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