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Abstract: Microalgae are an alternative source of food, animal feed, biofuel, fertilizer,
cosmetics, nutraceuticals, and pharmaceutical products. Growth rates of the microalgae, biomass
output, and nutritional value as measured by the generation of lipid and fatty acids all have an impact
on the extraction of organic components from microalgae grown in various nutrient compositions.
Investigation on the significance of temperature and nitrogen, both of which are essential for algae
growth, has been conducted. This study attempts to emphasize the temperature and nitrogen level
needed for locally isolated microalgae (Lyngbya sp).and focuses on the benefits of nitrogen and the
effect of temperature for increasing biomass productivity of Lyngbya sp for improved lipid and fatty
The effect of acid quantities. Locally isolated microalgae showed variation in the degree of response
high temperatures (40)° for unsaturated fatty acids was the opposite of saturated fatty acids, as the
highest concentrations of unsaturated fatty acids were recorded at temperature (20)° for each
of(Docosatetraenoic acid, Oleic acid, Octadecatrienoic acid) and completely opposite for saturated
fatty acids, which was recorded at temperature (40)° for each of (Tetradecanoic acid ,Pentadecanoic
According to the quality of the fatty acids produced inside it as a result of ,acid, Hexadecanoic acid)
a change when adding nitrogen from the nutrient medium, the medium recorded an increase in the
rates of all saturated fatty acids at a concentration of 20, while unsaturated fatty acids recorded a
decrease when nitrogen was added. in natural hosts (control),that can be used to utilize lipid and fatty

acids from microalgae for biofuel and pharmaceutical, food supplements purposes

Keywords: Microalgae Lyngbya , fatty acids, nitrogen, , Temperature, food supplement

Introduction

also been investigated because they have the
potential to provide nutritious food and feed
additives(4) . In fact, microalgal biomass can
serve as a starting point for third-generation
(5). which anticipate its bio refinery processes
conversion into a variety of commercial goods
and energy, reducing expenses and waste
generation (6) . To present, several businesses
have embraced this strategy and are able to
cultivate microalgae at pilot size and
manufacture multiple goods from the same
biomass, primarily energy carriers, pigments,

During the last few decades, the capacity to
use microalgae has drawn significant attention
for a variety of reasons. In fact, these microbes
have received a lot of attention as a potential
source of biofuels (1) and bioactive
ingredients for cosmetic and cosmeceutical
formulations and expensive medications (2).
Due to their ability to hold onto water and to
slowly release macro- and micro nutrients into
the soils around them, microalgae seem to be
appropriate as fertilizers (3).Microalgae have
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from the terminal carbon, which was
discovered in algae in higher proportions (13) .

It is generally known that PUFA intake has
multiple positive effects on human health,
including increased metabolic rates, control of
blood pressure and glucose levels, and defense
against a wide range of illnesses, including

certain cancers(14).

Moreover, EPA and DHA help protect
chronic inflammatory illnesses and may
reduce the risks of obesity in both people and
animals(15). Several key PUFAs, such as
linoleic acid (LA-C18:26) and -linolenic acid
(ALA-C18:33), which are precursors to AA
and DHA, respectively, cannot or are only
imperfectly synthesized by humans and other
animals(16) . As a result, these molecules
must be directly absorbed from outside
sources (17). Fish, mollusks, and crustaceans
from the ocean, animal products (meat, milk,
eggs), fungus, microbes, and plant sources are
some of these sources(18) . for instance, some
plants and microalgae (19) Figure 1
summarizes the primary microbiological
sources that can provide extremely valued
lipids for nutraceutical uses,

and polyunsaturated fatty acids, for various
biotechnological industries(7) . The use of
microalgae-based technology has a number of
benefits that overcome several limitations
associated with the production of other species
and/or natural sources(8). They don't need
arable land, so they don't compete for space
with crops and have growth rates that are

faster than those seen in terrestrial plants (9).

There is a growing interest in nutrition-based
preventative and treatment options as the
prevalence of chronic diseases connected to
diet rises, Dietary polyunsaturated fatty acids
(PUFA) have the ability to control the
progression of chronic illnesses(10) . Long-
chain PUFA research has received a lot of
attention recently, fatty acids (FAs) with two
or more double bonds in their acyl chain are
referred to as polyunsaturated fatty acids
(PUFA) (11). According to the length of their
carbon backbone, PUFAs are divided into two
main groups: short-chain polyunsaturated fatty
acids PUFAs), with 16 or 18 carbon atoms,
and long-chain polyunsaturated fatty acids
(LCPUFAS), with more than 18 carbons (12) .
The Greek letter in the PUFAS' nomenclature
indicates the first position of the double bond

Major PUFA producers

z\z

Figure 1 shows the primary microorganisms that produce polyunsaturated fatty acids (PUFAS) and
the high-value products they are connected with(1)
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actively  bio  synthesized during the
(27) . While it often results exponential phase
in a decrease in biomass and lipid yields,
nitrogen (N) restriction or depletion is, to our
knowledge, the most widely utilized culture
alteration used to promote lipid synthesis (28).
This issue can be effectively solved by two-
stage cultivation systems, which consist of a
nutrient-replenishment  stage to increase
biomass and a low- or non-N-supply stage to
increase lipid production (29). These systems
are also associated with a significant increase
in the neutral lipid fraction, particularly
triacylglycerols (TAGS) in the neutral lipid
fraction, as an illustration, two-stage culture
was discovered to be successful in raising lipid

content in Nannochloropsis spp.(30).

Materials and methods

The specie of algae was isolated from the
gharf river located in Thi-Qar .The studied
algae is Lyngbya . Modified BG1llwas used
for the algal growth Table 1 . Serial dilution
method was used for algae isolation and
purification in this study. For algae
cultivation, 10 ml of isolated culture was
added to a flask containing 100 ml of BG-11
and incubated for 14 days, then transported to
1000 ml of media and incubated for 14 days
culture. The growth curve was determined for

the studied alga.

Division : Cyanophyta
Class: Cyanophyceae
Order : Oscillatoriales
Family : Oscillatoriaceae
Genus : Lyngbya sp

Cell growth was measured by determining the
optical density (O.P) daily. Optical density
650 nm) was measured by using

1942

Among the factors that affect these fatty
acids are as follows;

1- Temperature

Temperature can be used as a deciding factor
for choosing the best strains to produce
(20). In fact, PUFA-rich polar lipids

temperature changes are very important in
controlling membrane fluidity. In general
lower temperatures increase the FAS' degrees
of unsaturation, and vice versa (21).The
productivity of all lipids, including PUFAs,
can decrease with decreasing temperature,
however, and the temperature circumstances
that result in the highest PUFA production are
often species-specific (22). In the oleaginous
microalga Scenedesmus obtusus cultivated in
outdoor plants, the impact of low (20 C)
temperatures was assessed, in indoor cultures
where higher temperature values were
consistently maintained, a two-fold rise in
PUFAs was see (23).At higher temperatures,
the concentration of PUFAs often drops for
instance, in the red alga Porphirium
purpureum, EPA buildup likewise decreased
significantly when the temperature rose (24) .
In the diatom Phaeodactylum tricornutum,

EPA, DHA, and other PUFA levels
significantly — decreased as  temperature

increased (from 15 to 25 C), (25)
2- Nitrogen

Lipid metabolism can be impacted by lipid
metabolism in both the development phase and
culture medium composition (e.g., nutrient
content and composition), Unsaturated fatty
acid (UFA) concentrations typically peak
during the exponential phase and decline as
cultures get older(26) . This occurs as a result
of the higher quantities of UFAs found in
plastidial membranes than in other cellular
membranes and lipid droplets, which are
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N: the optical density of the algal mass at the
start of the experiment

0301

K

G

spectrophotometer UV-VIS (540 nm .All
measurements of the study were triplicates.
The growth rate (K) and doubling time

K — log N, —log NV,
t: time 4

Nt: the optical density of the algal mass after
.the passage of time t

Table 1: Components of BG11 culture medium

Nano3 150(g/L) 10
K2HPO4 4.0 10
Mgso4.7H20 75 10
Cacl2.2H20 3.6 10
Citric acid 0.6 10
Ferric citrate 0.6 10
EDTA-Na 0.1 10
Na2CO3 2.0 10
H3BO3 61.0 1
MnSo4.H20 169.0 1
ZnSo4.7H20 287.0 1
CuSo04.5H20 2.5 1
NH4)6MO7024.4H2 12.5 1

Experiment design:

harvested at the beginning of the stationary
phase. Each culture of microalgae was
centrifuged in the cooled centrifuge at 3000
rom for 15 min, supernatant removed but
organic precipitate had been washed with
distilled water, and then dried at 45 C° for two
days. The dry weight was collected for

extraction

1943

Different concentrations of nitrogen was used
in the current study, to stimulate the isolated
algae for production lipid that can be used as
biodiesel Dietary supplement and treatment.
Nitrate was used as a source of nitrogen in
media (NaNO3) and considered as control
treatment in the study; .Microalgae had been
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as an effective method for extracting fats from
oily microorganisms such as yeast, fungi and
microalgae)Samples were analyzed by GC
mass system model.4.6 mm X Sum injection

flow 1 ml/min at UV.

RESULTS and Discussion

The growth curve was estimated in terms of
optical density (650) Fig. (2) at (pH 7) and
temperature (30)°C, and the exponential
growth phase began after the seven day and
reached the stable phase after the fourteenth
day to begin the decreasing phase after the
sixteenth day Its relative growth constant was
(K =0.0324 ) and the rate of doubling time (G

=13.35)

Lipid extraction and analysis

Ultrasound- assisted extraction (UAE).The
UAE principle consists of forming sound
waves in a liquid medium by exposure to
ultrasonic waves (with a frequency of 20-50
kHZ) and creating high and low pressure
cycles. During the high pressure cycle, the
small vacuum bubbles formed in the low
pressure cycle are destroyed intensively
Which creates a phenomenon called
cavitation. High pressure and jets formed
during mechanical cavitation destroy the
cellular structure of the reactant and intensify
mass transfer processes, facilitating the
extraction of fats.UAE technology is applied

Growth Curve of Lyngbya Algae

Optical Density (650)

Fatty acid content in the studied alga

Docosatetraenoic acid omega 6( 8.07)% of
total fat When normal growth control.

The effect of temperature on the level of
fatty acids

Studies have shown that the chemical
composition of algae in general and
microalgae in particular is subject to change
when growing in changing environmental
conditions or when exposed to pollutants or
the stage in which algae farms are harvested,
also, algae vary in their biochemical content

11

13
15
17 19

Time (Days)
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m Growth Curve

Figure 2;Growth Curve of Lyngbya Algae

The alga was investigated to study their lipids
and essential omega fatty acids (3, 6, and 9)
production capacity ( Lyngbya sp) belonging

to blue-green microalga

The content of Lyngbya alga varied in terms of
unsaturated fatty acids (UFAS), as its content
ranged from Octadecatrienoic acid, omega 6
(6.67)% and oleic acid (OA) (3.36%)and
Eicosapentaenoic acid omega 3 (9.77)% and
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Eicosapentaenoic acid omega 3 and
Octadecatrienoic acid, omega 6, and oleic acid

and Similar with Qiao's study of the diatom
Phaeodactylum tricornutum, an increase in
temperature from 15 to 25 degrees Celsius led
to a decrease in EPA, DHA and other PUFAs,
counterproductive  to  saturated  fatty
acids. Temperature stress may induce changes
in the FAs of cell membranes to avoid damage
and be protected against the effects of
increased temperature (34). This adaptation
allows cyanobacteria and microalgae such as
diatoms to survive in extreme conditions and
involves remodeling membrane lipids by
modifying FAs chain length and unsaturation
to sustain the desired level of fluidity in cell

.membranes (35)

Several authors have shown an inverse
relationship between temperature and FAs
.unsaturation in microalgae (36;37).

The results appeared for the saturated fatty
acids, they were pentadecanoic acid (24.84)%,
then tetradecanoic acid (5.94)% and
hexadecanoic acid (2.07)%. When the
temperature decreased, the percentages of the
mentioned fatty acids decreased, and when the
temperature increased, the percentages of
these acids increased. As mentioned in Table 3

Content of unsaturated fatty acids under
different temperatures of algae Lyngbya
Table 2-

depending on the different algae species and
nutrients available in the growth environment
(32).

the temperature is one of the most significant ,
factors influencing how an alga is distributed
in its surroundings. An  unbalanced
environment, as was observed to have an
impact on the physical and chemical qualities
both directly and indirectly in the environment
where the algal cells reside, has an impact on
both the biochemical content of those cells as
well as their influence on many important

critical processes (32)

The change in temperature showed a clear
effect on the content of fatty acids in the alga.
The highest content of Octadecatrienoic acid,
omega 6, Docosatetraenoic acid omega 3
Eicosapentaenoic acid omega 3, and oleic acid
was reached at the temperature (20) ° C (Table

2).

The results Similar to a study with Jethani
who studied the effect of low temperatures (-
20°C) on oily microalgae Scenedesmus
Obsetusus is grown in outdoor plants. A
twofold increase in PUFAs (33), also with
Almeyda studied the effect of a decrease in
temperature (from 20 to 11 °C) stimulating the
production of PUFAs in Cylindrotheca

.closterium during the stationary stage.

As for when the temperature (40 ) ° C was
the Docosatetraenoic acid omega 3, then

Lyngbya 20 | 24.107 12.2 | Octadecatrienoic | C18H3402 292
acid , omega 6
24.106 6.39 | Oleic acid | C18H3402 292
9omega
14.958 10.07 | Eicosapentanoic | C20H3002
acid omega 3

1945
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19.91 12.08 | Docosatetraenoic | C23H3802
acid omega 6
30 | 24.107 6.67 | Octadecatrienoic | C19H3202 292
acid , omega 6
24.106 3.39 | Oleic acid ,| C19H3202 292
omega9
21.853 9.77 | Eicosapentaenoic | C20H3002
acid omega 3
19.91 8.07 | Docosatetraenoic | C23H3802
acid omega 6
40 | 24.10 2.78 | Octadecatrienoic | C19H3202 292
acid , omega 6
24.106 1.87 | Oleic acid ,| C18H3402 292
omega9
21.853 4.65 | Eicosapentanoic | C20H3002 346
acid omega 3
19.91 6.01 | Docosatetraenoic | C23H3802
acid omega 6

lyngbya

Table 3- Saturated fatty acid content under different temperatures of algae Lyngbya

20

15.88

17.07

Pentadecanoic acid-
13 methyl-methyl
ester(CAS)

C17H3402

270

20.47

3.94

Tetradecanoic acid

C14H2802

366

21.65

1.97

Hexadecanoic acid,
2(octadecyloxy)ethyl
ester palmitic acid

derivative

C36H7203

552

30

15.88

24.84

Pentadecanoic acid-
14 methyl-methyl
ester(CAS)

C17H3402

270

28.08

5.94

Tetradecanoic acid

C14H2802

366

21.65

2.07

Hexadecanoic acid,
2(octadecyloxy)ethyl
ester-palmitic acid

derivative
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The effect of nitrogen on the level of fatty acids

changes under the nutrient stress conditions,
which is the indicator of photosynthesis and
photochemical processes during which the

energy accumulated in ATP is generated (41)

The current study is similar to that of Aljbory,
who studied two locally isolated microalgae
(Chlorella vulgaris Bejerinck and Nitzschia

palea) to test their ability to produce

biodiesel by catalyzing different nitrogen
concentration treatments (0, 2, 4, 8 g \ I), and
the effect of nitrogen concentration on the

amount of initial product

carbohydrates, protein), as well as the )
quantity and quality of fat. Results revealed
that nitrogen starvation led to elevated lipid
production in C. vulgaris and N. palea Fat
content increased from 6.6% to 40% and from
40% to 60% dry weight (DW),(42) And
Montoya's study of the effects of temperature
and nitrogen concentration on the lipid content
of Nannochloropsis oculata and Chlorella
vulgaris in view of their possible utilization as

novel raw materials for biodiesel production

The lipid content of microalgae was strongly
influenced by the variation of tested
parameters; indeed, an increase in temperature
from 20 to 25 °C practically doubled the lipid
(FAS)content of N. oculata (from 7.90 to
14.92%), while an increase from 25 to 30 °C
brought about a decrease of the lipid content

1947

The most effective stimulus for inducing stress
conditions in cells is nitrogen limitation,
which increases lipid formation in microalgae
(38).In a study on lipid content, Hu and
colleagues found that, in nitrogen-limited
environments, microalgae had lipid contents
that range from 10 to 20% (39). According to
the same study, cyanobacteria under stress
produced less than 10% of their cells' total

ipid content

Nitrogen limitation is the most efficient
stimulus for creating stress conditions in cells
and therefore enhances lipid accumulation in
microalgae (38). A lipid content study by Hu
and colleagues showed that under conditions
of nitrogen study reported that stress
conditions in cyanobacteria caused less than
10% lipid content production in cells. Under
nutrient stress conditions, microalgae will
change the metabolism of fatty acids towards
the  synthesis and accumulation  of
triacylglycerol which consists of up to 80% of
the total lipid content in the cell, The results
are consistent with the current study (40).
When nitrogen is limited in the cultivation
medium, microalgae will accumulate large
amounts of lipids but due to the lack of
nitrogen the cells will not produce sufficient
amounts of proteins which results in lower
biomass production Chlorophyll content also
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Docosatetraenoic acid (8.07)%, Oleic acid
omega 9(4.39)%

When nitrogen increases, the percentages of
these acids decrease to

Octadecatrienoic acid , omega 6(4.78)%
Docosatetraenoic acid (4.65)%,
Eicosapentanoic acid omega 3 ( 2.54)% , Oleic

acid omega 9(1.7)%

As for saturated fatty acids, it increases when
nitrogen 20 is increased, as follows

Pentadecanoic acid( 26.45)% , Tetradecanoic
acid(8.21)%, Hexadecanoic acid(3.34)% It
decreases when the nitrogen concentration

decreases

Pentadecanoic acid(18.54)% , Tetradecanoic
acid(2.5)%, Hexadecanoic acid(1.7)% As
shown in the table 4,5 below;

of C. vulgaris from 14.71 to 5.90%. On the
other hand, a 75% decrease of the nitrogen
concentration in the medium, with respect to
the optimal values for growth, increased the
lipid fractions of N. oculata from 7.90 to
15.31% and of C. wvulgaris from 5.90 to

16.41%, respectively.

And in another study by Wang, the effect of N
reduction on lipid and fatty acid content
Profiles in different lipid classes of
Phaeodactylum tricornutum, Isochrysis af
Microalgae cells were cultured in two different
ways, batch and semi-continuous Culture, to
create strong and medium constraints on N,
which in turn will have a significant impact

Biomass and fat productivity(43).

We notice that when nitrogen decreases, the
percentage of unsaturated fatty acids increases
as follows;

Eicosapentanoic acid omega 3 (11.07)% ,
Octadecatrienoic acid , omega 6 (8.67) %,

Table 4: Effect of nitrogen on unsaturated fatty acids

-| C18H3402
Octadecatrienoic
acid , omega 6

1948
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24.106 3.30 | Oleic acid | C18H3402 292
omega 9

21.853 9.47 | Eicosapentanoic | C23H3802 346
acid omega 3

19.91 6.57 | Docosatetraenoic | C23H3802 346
acid omegab

10 | 24.107 6.67 -| C19H3202 292
Octadecatrienoic
acid , omega 6

24.106 3.39 | Oleic acid ,| C19H3202 292
omega 9

19.91 3.08 | Docosatetraenoic | C23H3802 346
acid omega 6

21.853 9.77 | Eicosapentaenoic | C20H3002

acid omega 3

20 | 19.58 4.78 -| C19H3202 292
Octadecatrienoic
acid , omega 6

21.853 2.54 | Eicosapentaenoic | C20H3002

acid omega 3

19.76 1.7 | Oleic acid ,| C18H3402 292
omega 9

19.91 4.65 | Docosatetraenoic | C23H3802 346
acid omega 6

lyngbya

15.88

18.57

Table 5: Effect of nitrogen on saturated fatty acids

Pentadecanoic acid-
13 methyl-methyl
ester(CAS)

C17H3402

270

20.47

2.5

Tetradecanoic acid

C14H2802

366

21.65

1.7

Hexadecanoic  acid,
2(octadecyloxy)ethyl
ester palmitic acid

C36H7203

552
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derivative

5| 15.88 20.5

Pentadecanoic acid- C17H3402 270
13 methyl-methyl

ester(CAS)

20.47 5.01

Tetradecanoic acid C14H2802 366

21.65 1.99

Hexadecanoic acid, C36H7203 552
2(octadecyloxy)ethyl
ester palmitic acid

derivative

10 | 15.88 24.84

Pentadecanoic acid- C17H3402 270
14 methyl-methyl

ester(CAS)

28.08 5.94

Tetradecanoic acid C14H2802 366

yields and their potential exploitation in
aquaculture. Molecules, 26(24), 7697.
2- Elalami, D., Oukarroum, A., & Barakat, A.
(2021). Anaerobic digestion and agronomic
applications of microalgae for its sustainable
valorization. RSC advances, 11(43), 26444-
ealth? A systematic review of 26462.
evidence. Crit. Rev. Food Sci. Nutr. 2019, 59,
1684-1727.
3- Nieri, P., Carpi, S., Esposito, R., Costantini,
M., & Zupo, V. (2023). Bioactive Molecules
from Marine Diatoms and Their Value for the
Nutraceutical Industry. Nutrients, 15(2), 464.
4- Rumin, J., Nicolau, E., Goncgalves de
Oliveira Junior, R., Fuentes-Grinewald, C., &

Picot, L. (2020). Analysis of scientific
research driving microalgae market
opportunities in Europe. Marine drugs, 18(5),

264.

5- Benti, N. E., Gurmesa, G. S., Argaw, T.,
Aneseyee, A. B., Gunta, S., Kassahun, G. B.,
... & Asfaw, A. A. (2021). The current status,
challenges and prospects of using biomass

21.65 2.07

C36H7203 552

Hexadecanoic acid,
2(octadecyloxy)ethyl
ester-palmitic  acid
derivative

Conclusions

Microalgae are a promising feedstock for
many valuable biological products, including
health-beneficial PUFAs that are mostly
obtained from animal sources so far, as well as
biofuels and others, and address several
aspects to make microalgae production on an
industrial scale viable, including This is the
improvement of growth conditions and pre-
treatment to increase the productivity of
biomass and fats. As in a current study of
algae Lyngbya, the extent to which the
conditions affecting the production of fatty

.acids are known
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