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Abstract: y-linolenic acid (GLA) is useful for improving and treating various diseases, including
immune system-related diseases. In the world of commerce, GLA production has problems that compel
scientists to search for a simpler, safer, and less costly way. Some microalgae have been introduced as
a rich source of fatty acids; Spirulina platensis has attracted scientists due to the presence of 31% GLA
in its fatty acid profile. In the present study, the Iranian strain of spirulina was investigated. Cell culture
was performed under optimized conditions and after dry biomass production; the powder was used to
continue the study. Finally, the extraction and enrichment steps were performed, and the IR spectra and
gas chromatography methods were used for identification and final measurements, respectively. After
enrichment by one-step urea crystallization, the percentage of GLA enriched in the total lipid was
increased to 61.17%. These results suggest that employing simple, relatively inexpensive, and modified
methods for the GLA isolation from the Iranian strain of spirulina may have a potential for
industrialization.

Keywords: gamma-linolenic acid; Spirulina platensis; fatty acid extraction; fatty acid methyl ester;
urea crystallization.
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1. Introduction

y-linolenic acid (GLA) or "cis 6, 9, 12-octadecatrienoic acid" is an essential fatty acid
from the omega-6 series that should be present in our diet to maintain health. GLA deficiency
has been associated with different physiologic/pathophysiologic conditions, including aging,
diabetes, alcoholism, atopic dermatitis, premenstrual syndrome, rheumatoid arthritis, cancer,
and cardiovascular disease. Due to its different applications in the food, nutraceutical, and
pharmaceutical industries [1]. GLA has received more attention in recent years [2]. GLA is
found in human milk and small amounts in other common foods such as organ meats; therefore,
with the increasing need for this fatty acid, new sources such as evening primrose seeds,
blackcurrant, borage, fungi, and spirulina have been introduced [3, 4]. Oil from the seeds of
evening primrose is currently the major source of GLA, which is relatively expensive and has
possible side effects such as headache, nausea, diarrhea, and rare complications include
allergies and seizures; therefore, the commercialization of safe resources is very important [5,
6]. Microalgae, particularly spirulina, have been introduced as a rich source for GLA [7]. The
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percentage of fatty acid composition in different spirulina strains is presented in Table 1.
Spirulina platensis is the most dominant species of spirulina that is cultivated commercially
throughout the world. This species has advantages over other GLA sources, which makes it
preferable for commercialization. Spirulina platensis accumulate a significant amount of GLA
(31% of total fatty acids (TFAs) and 1.0-1.4% dry cell wt.) [8]. They have rapid reproduction
and require much fewer land areas compared to conventional crops [9]. There is no enzyme
with A15 desaturase activity in Spirulina platensis, therefore alpha isomer of linolenic acid is
not synthesized; this makes it easier to purify GLA. Spirulina platensis production is relatively
inexpensive and simple since its growth requires only minerals and light energy. It is resistant
to unfavorable environmental conditions and also does not cause acute and chronic toxicities,
making it safe for human consumption [10, 11].

Table 1. Fatty acid composition of 35 spirulina strains grown under standard conditions [12].

Fatty acid Value
C16:0 42.3-47.6%
Cl6:1 2.4-5.4%
C18:0 0.0-2.1%
C18:1 2.9-11.8%
C18:2 13.1-31.5%
y-C18:3 12.9-29.4%

It is well known that GLA content of Spirulina platensis can be increased by altering
parameters such as light intensity, carbon source [13], aeration rate [14], and temperature [15].
Also, its cultivation under stress conditions, including salt stress and titanium dioxide (TiOz)
induced stress [16], can effectively increase the content of GLA. Therefore, by optimizing these
parameters and conditions, GLA production will increase further. Comparative studies reported
that sonication and microwave ovens are the most effective methods in cell disruption for lipid
extraction from microalgae [17, 18]. In recent years, various methods have been employed to
extract and purify GLA; the Folch method, Bligh and Dyer method, and Superior solvent
extraction methods are the methods used to extract lipids, particularly GLA, from spirulina [19,
20]. Also, for purification of GLA, methods such as argentated silica gel column
chromatography consist of four main steps [21, 22], low-temperature crystallization method
[23], and lipase-catalyzed enzymatic purification [24] have been performed. Since high
concentrations of GLA are required for dietary and pharmaceutical applications, the extraction
and purification process should be considered simple and cost-effective. In this paper, with the
optimization of cultivation conditions and employing modified extraction and purification
processes, the recovery of highly purified GLA from the Iranian strain of Spirulina platensis
has been reported.

2. Materials and Methods
2.1. Sampling.

Spirulina platensis was isolated in the northern region of Iran; called Alma Ghol Lake,
with geographical coordinates of 37°21'00"N 54°34'59"E. Then, the sample was sent to the
Research Institute of Medicinal Plants, Shahid Beheshti University, for identification, and it
was reported that this species is Spirulina Platensis. All the materials required for cultivation
and measurement were obtained from Merck Chemical Co. (Germany). Experiments were
performed under optimized conditions for the production of biomass.
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2.2. Culture.

The microalgal biomass was harvested and thoroughly washed with distilled water. The
thoroughly washed harvest was dried and stored as a powder in an impervious container at -20
°C. Lipid extraction was according to the modified Bligh-Dyer method reported by Takagi et
al. [25, 26].

2.3. Extracting.

4gr of freeze-dried biomass was vigorously mixed with methanol/chloroform/water
solution (200:100:80 ml) and sonicated for 20 min. The mixture was vacuum-filtered by
suction filtration through Whatman No. 3 filter paper. The supernatant was centrifuged at 4000
rpm for 10 min, treated with 50 ml chloroform and 50 ml water, then the layer containing the
lipid was separated using a separating funnel (residual moisture in the chloroform layer was
removed by addition of anhydrous sodium sulfate) [27, 28]. Finally, chloroform was removed
under vacuum in a rotary evaporator, and the remainder was weighed as lipid.

2.4. Preparation.

The lipids were transited into fatty acid methyl esters (FAME) by refluxing the algal
lipid with a 2% aqueous solution of H2SO4 in ethanol at 80 C for 5 h. The refluxed sample was
cooled to room temperature, and the FAME was extracted in ethyl acetate fraction using a
separating funnel. Anhydrous sodium sulfate was used to trap the residual moisture present in
FAME and was then concentrated under vacuum distillation.

2.5. Analysis.

IR spectra were recorded on a Tensor 27 FTIR Spectrometer [29-31] using CH2CI2.
The spectra of liquid samples were recorded by dissolving in CH2Cl2. The fatty acid methyl
ester analysis was performed on a Varian gas chromatograph equipped with an FID and the
capillary column BPX-70 in techno-azma laboratory (Tehran, Iran).

2.6. Enrichment.

Urea and ethanol were mixed and refluxed to this boiling mixture; FAME was added
and refluxed at 65 °C with constant stirring to obtain a clear solution which was subsequently
cooled to room temperature and was transferred to an ice bath (0 °C). This mixture was
incubated at 0 °C overnight to obtain urea inclusion complexes. The overnight stored mixture
was centrifuged at 0 °C and 7500 rpm. The upper liquid phase was carefully collected, and the
methyl esters from the liquid phase were extracted in hexane. Anhydrous sodium sulfate was
used to dry the residual moisture left in the extracted methyl ester and concentrated under a
vacuum. The final FAME concentrate obtained was weighed, and the recovery of GLA was
calculated comparing with the original amount of GLA present in microalgal lipid.

3. Results and Discussion
3.1. Result of cultivation optimization.

The optimal production of GLA by Spirulina platensis requires optimization of their
cultivation, and this is very important for their commercialization. The optimized conditions
https://nanobioletters.com/ 3168
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for obtaining the largest biomass have been investigated in previous studies and are presented
in Table 2.

Table 2. Optimized parameters for the cultivation of Spirulina platensis.

Parameter Value

PH 10.5

Temperature 25°C

Light intensity 3500 Lux

Culture medium NaHCO3(7.8gr), K2HPO4(0.5gr), NaNO3(1.8gr),
K2S04(0.5gr), NaCl(0.5gr), MgS0a(0.4gr), CaCl2(0.4gr),
FeS0O4(0.4gr) and EDTA(0.08gr)

3.2. Characterization analysis.

The biomass obtained was freeze-dried, finely powdered, and lipid was extracted by
the modified Bligh and Dyer method. In this method, sonication was used to break the cell
wall. The lipid extracted directly was converted to fatty acid esters, and then the presence and
percentage of GLA were monitored by IR spectra and gas chromatography. Table 3 shows that
the amount of GLA present in the total lipids is 17.37%.
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Figure 4. (a) Initial infrared spectrum of microalgae powder; (b) Initial gas chromatogram of lipid extracted
from microalgae.
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Table 3. The results of the initial chromatogram of microalgae powder.

Index RT[min] Area[mV*s] | Type Width[sec] Area% Peak
20 7.1825 1.6790 BV 4.0500 0.2918 C18:2t
21 7.2375 0.7851 BB 5.0500 0.1365 C18:2t
22 7.3192 76.2294 BV 3.5500 13.2484 | C18:2c
23 7.3683 0.3030 BV 2.2500 0.0527
24 7.4225 0.4895 BV 3.1500 0.0851
25 7.4742 0.1252 BV 2.5000 0.0218
26 7.5225 0.1850 BV 3.0500 0.0322
27 7.5658 0.1612 BV 2.6000 0.0280 C20:0
28 7.6292 99.9251 BB 5.7500 17.3666 | C18:3n6

The urea crystallization process was used to concentrate GLA, crystallization of urea
molecule depends upon fatty acid chain length; the tendency of fatty acids and esters to
combine with urea decreases with increasing unsaturation and decreasing chain length.
Therefore, the main application of the urea crystallization complex method is to separate the
straight-chain compounds from branched ones [32].

3.3.Final results.

After the urea crystallization method, IR spectra and gas chromatography was
performed again to evaluate the GLA content. Table 4 shows that GLA enrichment was
increased in total lipids by 61.17%. GLA enrichment with this method is very suitable, and it
should be noted that the amounts of urea and solvents strongly affect it.
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Figure 5. (a) Final infrared spectrum after enrichment; (b) Final gas chromatogram after enrichment.
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Table 4. The result of the final chromatogram after enrichment.

Index | RT[min] Area[mV*s] Type | Width[sec] Area% Peak

12 8.1158 47.1154 \AY 8.1500 1.1458

13 8.2050 2.3022 \AY 2.5000 0.0560

14 8.2825 2515.5312 vV 6.7000 61.173 C18:3n6
15 8.3800 49.3673 vV 6.1500 1.2005 C20:0
16 8.4858 18.0041 VB 5.5000 0.4378 C18:3n3
17 8.8142 5.6179 BV 4.3500 0.1366 C20:1

3.4. Discussion.

The first action in the case of specific species isolation is to provide a suitable culture
medium with optimized environmental conditions [33, 34]. The optimal production of a
substance by microalgae requires optimization of their cultivation, which is very important for
their commercialization [7]. Therefore, the first phase of this study focused on this issue. GLA
and other essential fatty acids have always been considered because of their importance for
human health. Biological and pharmaceutical scientists have constantly worked to find new
sources and protocols for extracting GLA [1]. Since 1990, studies have begun on the isolation
of GLA from microalgae; in that year, Japanese scientists found that 10% of the fatty acids of
Chlorella vulgaris were GLA, and dark conditions could improve its production [35].
Investigating the fatty acid profiles of Chlorella and Spirulina by researchers at lzmir
University proved that spirulina potential for GLA extraction is much stronger than Chlorella
[36]. Over the past years, research in this regard has focused on optimizing spirulina culture
conditions and employing efficient methods for GLA extraction and purification. In 2003,
scientists examined different temperatures and nitrogen concentrations, proving that different
microalgae conditions induced a different production and subsequently influenced the number
of fatty acids, especially GLA. Under optimized conditions, this group obtained a product of
5.2 mg per gram of powder, which is consistent with our rate [37]. Studies continued until
Indian scientists enriched the GLA extracted from the ARM 740 strain in 2007. In this study,
the Fractionation of lipids was performed using silica gel chromatography. They proved that
94% of the total GLA was present in microalgae glycolipids and reported recovery of 66% with
a purity of 96%. According to the present study, gas chromatography was used to determine
fatty acid composition [38]. A year later, Indian researchers also did another study, which
proved that temperature plays an important role in GLA extraction. They were able to isolate
21% linoleic acid and 18% GLA at 60 ° C temperature from biomass powder, which is
consistent with the results of the initial tests performed in the present study [39]. Spanish
scientists studied the isolation of several anti-oxidants and fatty acids from microalgae using
supercritical technology and changes in CO2 and temperature. They even suggested several
suitable strains [40]. In 2014, Indian scientists published a review article and provided
extraction methods that had been used up to that time [20]. In the present study, except for
some of the modified methods, the rest were extracted from this article. The Folch method was
performed by L. M. Colla et al. [37] to extract lipid from Spirulina platensis. Rapid and easy
processing of large-scale extraction is the major advantage of this method, but it is less sensitive
compared with other procedures. Sajilata et al. [22] used another procedure to extract GLA
from Spirulina called the Bligh-Dyer method. This method is very efficient, suitable, and cost-
effective for large-scale extraction. In the present study, modifications were made to improve
this method, including adding 1 % NaCl instead of water to prevent the binding of acidic lipids
to denatured lipids. Chloroform is used as the extracting solvent in this method, which is toxic;
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it can cause health risks in large-scale extraction, so it should be ensured that chloroform is
completely removed. Guil-Guerrero et al. [21] and Sajilata et al. [22] employed argentite silica
gel column chromatography for GLA purification. This method has been shown to be suitable
for the isolation of GLA from Spirulina Platensis. This method can obtain Pure GLA, but
purifying large quantities of GLA will be expensive and impractical. Other methods, such as
low-temperature crystallization [23] and flash chromatography [41], also showcased the good
performance of GLA purification, but these methods are expensive and very tedious. In the
present study, a very simple and efficient method was performed to purify GLA, called urea
crystallization. It requires no organic solvent except ethanol. Therefore, purifying large
quantities of GLA is economically feasible. The only problem with this method is the low urea
toxicity that should be resolved during the commercialization process. According to the above
discussion, studies by researchers worldwide have shown that this issue has received much
attention. Due to these products' nutritional and medical uses, novel and optimized methods
are constantly being developed for extraction and purification.

4. Conclusions

From the results, it can be concluded that the inexpensive and simple methods
employed in this paper have high efficiency for the recovery of highly purified GLA, so that it
was recovered at a purity of 61.17%. This amount can even increase with further stages of the
crystallization of urea. Also, purity could further be increased by altering the ratio of urea,
ethanol, and fatty acid esters [42]. This study also highlights the importance of native strains
for pharmaceutical and therapeutic applications and malnutrition prevention.
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