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Identificacdo dos lipidios da microalga Chlorella pyrenoidosa, apds a obtencdo desta
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Abstract: Through the cultivation of the microalgae Chlorella pyrenoidosa was used the discontinuous
biotechnological process, which was obtained a microalgal biomass (dry). This was directed to the
supercritical processing apparatus, in which after use it was obtained an extract. This was analyzed to verify
the types (varieties) of fatty acids in a gas chromatograph and also, it was coupled to mass spectrometry. It
was noted that to perform the analysis in these two devices there was a complementarity between the
results of types of fatty acids.
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Resumo: Através do cultivo da microalga Chlorella pyrenoidosa fez-se 0 uso do processo biotecnol6gico
descontinuo, o qual obteve-se a hiomassa microalgal (seca). Esta foi direcionada ao aparelho de fluido
supercritico, em que apos o uso foi obtido um extrato. Este foi analisado, em relagéo aos tipos (variedades)
de &cidos graxos, em cromatégrafo a gas e também, o mesmo foi acoplado a espectrometria de massa.
Notou-se que ao realizar analise nestes dois instrumentos houve uma complementariedade entre os
resultados dos tipos de acidos graxos.
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Resumen: A través del cultivo de la microalga Chlorella pyrenoidosa se hizo el uso del proceso
biotecnolégico discontinuo, el cual se obtuvo la biomasa microalgal (seca). Esta fue dirigida al aparato de
fluido supercritico, en que después del uso se obtuvo un extracto. Este fue analizado, en relacion a los tipos
(variedades) de acidos grasos, en cromatografo a gas y también, el mismo fue acoplado a espectrometria
de masa. Se observo que al realizar andlisis en estos dos instrumentos hubo una complementariedad entre
los resultados de los tipos de acidos grasos.

Palabras clave: Chlorella pyrenoidosa. Proceso biotecnolégico discontinuo. Biomasa microalgal (seca).
Tipos (variedades) de acidos grasos.

INTRODUTION

The applicability of microalgae to pharmaceuticals may bring economic development to countries such as
Brazil and Portugal, among others, which have considerable water resources for the production of algal and /
or microalgal biomass.

Thus, man-made controlled cultivation of these aquatic organisms (algae) is a growing industry with great
projection worldwide and this represents one of the most important food production activities for the near
future, with frequent use of extracts are described in lists of ingredients present in pharmaceutical
formulations (FAO, 1997; FAO, 2003).

That way the use of biotechnological techniques (discontinuous and / or discontinuous fed processes)
and the acquisition of new, more sophisticated microalgal products may influence the development of new
pharmaceutical supplies and / or new, more sophisticated finished products, with the aim of improving
health. With this, using biotechnological techniques through biotechnological fermentation processes of
macroalgae and microalgae is fundamental, for example, to improve the quality of the substances produced
by the secondary metabolites, such as fatty acids.

Thus, the use of these raw materials from algae (macroalgae and microalgae) is considered the basis of
the entire aquatic food chain (MULLER-FEUGA, 2000), especially microalgae, which represent numerous
food products, not only for the aquatic organisms, but also for the human diet, serving as vitamin and protein
supplements (LUNING, 1990; BOROWITZKA, 1999; RODRIGUES, 2008). In this way these can be used as
an important resource for obtaining natural products with high economic potential, for the food,
pharmaceutical and cosmetic industries, some provide natural dyes, others have rich polyunsaturated fatty
acids and abundant amounts of proteins, finally all these functions can help as an enriching source of
finished products (RODRIGUES, 2008; HOBUSS et al., 2011).

The objective was to associate with biotechnology, with the implantation of natural components
designated as "green, sustainable and technological cosmetics" it was essential to obtain formulations with
characteristics that are more appropriate for human consumption and that preserve the environment. Maul
(1998) reported on clean technology, with no residues, and on the use of non-toxic solvents, maintaining the
original properties of the raw material without altering it, which proved to be an environmentally correct
alternative, according to the obtaining of pharmaceutical supplies, using the supercritical fluid.

With this, it is essential to invest in research and develop new products derived from sustainable
biotechnological processes for the consumer market. For example, like European countries, Brazil has a
great demand for cosmetics, so it is essential to add scientific knowledge, for a common benefit among
nations, to obtain a natural component through natural resources, where will be inserted in the cosmetics in
the future.

This work is a continuation of a study carried out by the scientists Aradjo, Giudici and Sousa, in 2019, in
which the microalgae Chlorella pyrenoidosa were studied by discontinuous cultivation in shaker (Erlenmeyer
flasks (hermetically sealed)) with adequate light intensity and agitation. Then, the extract from this microalga
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was obtained through a supercritical CO2 extraction process. Then, the extract from this microalga was
obtained through a supercritical COz extraction process.

Therefore, the advantage of this process is to avoid wasting the use of solvents and to keep the
compounds (components) thermosensitive (amino acids, vitamins, carotenoids, total phenolics, among
others). These compounds from microalgal dry biomass can provide physicochemical properties (with
cosmetic activity) to cosmetic formulations, such as: antioxidant, anti-inflammatory, regenerative, emollient,
among others (REVERCHON, DONSI & OSSEO, 1993; ROZZ| & SINGH, 2002; CASSANO et al., 2003;
VAILLANT et al., 2005; CALVO, DADO & SANTA-MARIA, 2007; ABBAS et al., 2008; ARAUJO, 2015; USP,
2016; USP, 2017).

It should be noted that the last property mentioned above has an abundance of apolar components in its
constitution (dry biomass processed in a supercritical fluid apparatus using the organic solvent (CO2))
(MAUL, 1998; REVERCHON, DONSI & OSSEO, 1993; ROZZI & SINGH, 2002) will provide emollient
properties to the formulations and will function, for example, as an excellent moisturizer for dry skin (PRISTA,
BAHIA & VILAR, 1992; PRISTA, ALVES & MORGADO, 2011).

MATERIAL AND METHODS

PREPARATION OF THE INOCULUM/ MICROALGAL MATERIAL / DETERMINATION OF CELLULAR
CONCENTRATION/ DETERMINATION OF PH/ BIOMASS EVALUATION OBTAINED/ BIOMASS
EVALUATION OBTAINED/ DETERMINATION OF THE PROTEIN CONTENT OF BIOMASS C.
pyrenoidosa/ DETERMINATION OF THE LIPID CONTENT OF BIOMASS C. pyrenoidosa/
DETERMINATION OF ASH CONTENT FOR C. PYRENOIDOSA/ DETERMINATION OF TOTAL
CARBOHYDRATE CONTENT FOR C. pyrenoidosa

The explanations, the main items are exposed in Araujo, Giudici and Sousa, in 2019.

In the present study was used the microalgae strain Chlorella pyrenoidosa (Chlorella sorokiniana) (UTEX,
1663) from the UTEX microalgae (The Culture Collection of Algae of the University of Texas at Austin -
U.S.A) (UTEX, 2011).

IDENTIFICATION AND QUANTIFICATION OF FATTY ACID COMPOSITION THROUGH GAS
CHROMATOGRAPHY

After determination of the lipid content of the biomass of C. pyrenoidosa, described by the scientists
Araujo, Giudici and Sousa, in 2019, these carried out the identification and quantification of this composition
of the fatty acids, using the gas chromatography technique.

Then, the transesterification of the fatty acids was performed with the objective of obtaining the
conversion of the fatty acids into their respective methyl esters (HARTMAN & LAGO, 1973). The sequence
of the simplified steps to obtain the fatty acids were: use of the separation flask, to obtain the fatty acids;
drying with gaseous nitrogen, in a rotary evaporator at 70° C, to only remain the fatty acids; and the use of
flasks (vails) with the obtained fatty acids, which were injected into the gas chromatograph (ARAUJO, 2015;
USP, 2016; USP, 2017).

Hartamn and Lago in 1973 proposed a transesterification methodology consisting of two steps: i)
saponification (formation of soap after alkaline hydrolysis, that is, it is a reaction of an ester and an inorganic
base (in this research NaOH was used in methanol solution), and (ii) esterification (the esterification reagent
(ammonium chloride, methanol and concentrated sulfuric acid, warmed in a water bath for about 15 minutes)
was used in this study. According to the Schuchardta, Serchelia and Vargas (1998) the summarized reaction
can be described in Figure 1.
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Figure 1: Summary reaction of the transesterification process of the free fatty acids
obtained through the round bottom flask (Adapted from SCHUCHARDTA,
SERCHELIA & VARGAS, 1998).

H.C—OCOR' ROCOR' HzC—OH
NaOH +

HC—OCOR" + 3 ROH ROCOR" + HC—0OH
methanol .

H2 —OCOH"I HOCOH“. H2 —OH

free fatty acids, methyl esters glycerol

for example. triglycerides (1,2,3 propanetriol or glycerin)

Thus, this methodology recovered the lipid material that was in the separation flask by adding 5 mL of
methanolic solution (Merck's pure analytical grade methanol with 0.5 mol L1 NaOH). This mixture was
directed to heating at reflux for 5 minutes. Subsequently, 15 ml of the esterification reagent, composed of 2 g
of ammonium chloride, 60 ml of Merck's analytical grade methanol and 3 ml of concentrated sulfuric acid
were added. This mixture was heated in a water bath at 70 ° C for approximately 15 minutes. Thereafter, it
was again directed to refluxing for a further 3 minutes, and directed to a separatory funnel, adding 25 mL of
petroleum ether and 50 mL of deionized water. This mixture was shaken manually for 5 times and the
phases were separated by decanting process with discard of the polar phase.

The collected (reserved) phase, that is, the phase of interest was directed to the rotavaporator, to be
concentrated and the solvent to be evaporated. To this concentrate was added another 25 mL of deionized
water, directed to the separation funnel again, with manual shaking five times (allow the decantation, to be
able to separate the phases). The collected (reserved) phase, that is, the phase of interest was directed to
the rotavaporator, to be concentrated and the solvent to be evaporated. To this concentrate was added
another 25 mL of deionized water, directed to the separation funnel again, with manual shaking five times
(allow the decantation, to be able to separate the phases). Then, to perform the analysis of the fatty acid
methyl esters were analysed according to the methodology of Ract and Gioielli (2008), in which the samples
were injected into the gas chromatograph, model 7890 CX (Agillent Technologies, USA) (Innowax_Agilent
19091N-133), equipped with a split-splitless type injector and FID (flame ionization detector) type detector,
and the column used was polyethylene glycol (HP-Innowax) having 30 mx 0.25 mm x 0.25 ym (length,
internal diameter and film thickness, respectively).

The conditions of analysis were:
¢ Injection: 2 pL of solubilized sample in 1.5 mL of HPLC purity hexane;

e Temperature programming: initial oven to 75°C, which must be maintained for 1 min, where the oven
heating ramp varies from 37.5°C.min! to 150°C, and 1°C.min to 215°C, then the final temperature was
maintained for 10 minutes;

¢ Injector temperature: 250°C;
o Detector temperature: 280°C;
e Total running time 78 minutes, for each sample;

e Gas de arraste de alta pureza e quimicamente inerte: hélio (fluxo de 25 mL.mint), e a mistura de dois
gases (ar sintético (fluxo de 120-160 mL.min1) e Hz (fluxo de 200-210 mL.mint), para o aquecimento do
forno e produzir a queima);

e High purity and chemically inert entrainment gas: helium (flow 25 mL.min1), and the mixture of two gases
(synthetic air (flow of 120-160 mL.mint) and Hz (flow of 200- 210 mL.min), for heating the furnace and
producing the firing);
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The identification was performed by correlating the retention time of the constituents of the '37
Component FAME Mix'(Supelco) standard, with the retention time of the samples of the two photosynthetic
micro-organisms injected into the gas chromatograph.

IDENTIFICATION AND QUANTIFICATION OF COMPOSITION OF FATTY ACIDS, THROUGH GAS
CHROMATOGRAPHY COUPLED TO MASS SPECTROMETRY

After the lipid extraction the samples were analyzed in a gas chromatograph coupled to a mass
spectrometer (CG MS QP 2010 Plus model, Shimadzu, with electron ionization (El) ionization source (70 eV)
and quadrupole analyzer. software used was GCMS-QP 2010 Series LabSolutions GC MSolution from
Shimadzu®, which has a library with estimated mass-to-load ratio (m / z) of fatty acids.

The column used was DB5MS (5% phenylmethyl-polysiloxane - 30m long, 0.25mm internal diameter and
0.25um film thickness), with injections of 1uL. The samples were analyzed using the following conditions of
chromatographic analysis (Table 1) and mass spectrometry (Table 2) (Adaptation of ADAMS, 2009).

Tabela 1: Conditions of chromatographic analysis.

Temperature of the injector 280 °C
Interface temperature 300 °C
Initial column temperature 40°C
Heating rate 3 °C/min
Final column temperature 300 °C
Total anlysis time 86,67 min

Tabela 2: Conditions of mass spectrometry.

Solvent cutting 10 min
Mass range 35-700 m/z
Font temperature 300 °C
Scan Speed 2500
Heating rate 5°C/min
Final column temperature 280 °C
Maintenance at 280 °C 14 min
Total analysis time 60 min

RESULTS AND DISCUSSION

The identification and quantification of lipids in the dry biomass of C. pyrenoidosa were carried out. For
these identifications, the best culture media were used based on Araujo's studies carried out in 2015, which
resulted in biomasses, with the highest lipoprotein levels (when correlated with the other culture media used.
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This research is a continuation of the study conducted by the scientists Araudjo, Giudici and Sousa, in
2019, in which the independent variable was the microalgae (C. pyrenoidosa). The dependent variable
(response, result), which was measured in this research was the content of fatty acids (fatty acid profiles).

In all the experiments of this research the results were evaluated through analysis of variance (one-way
ANOVA), using the Tukey tests applied with 95% confidence interval, using the program Statistic 11.0 and
obtaining the evaluations, in relation to percentages of fatty acid profiles and amino acid profiles.

The use of resources from microalgae C. pyrenoidosa in the area of biotechnology is an important way of
obtaining raw material rich in fatty acids as a way of supplying what is necessary for human health or other
anthropogenic means (industries such as cosmetics, food, among others).

Thus, an analysis was performed in triplicate. The results obtained for this microalgae were: saturated
(AGS), monounsaturated (AGMI), polyunsaturated fatty acids (PUFA), unsaturated fatty acids and
unsaturated fatty acids and saturated fatty acid (AGPI / AGS) (Table 3).

Tabela 3: Fatty acid profile (%) after shaker cultivation. Test performed in triplicate.
*The values presented as mean + standard deviation. The results were obtained
through analysis of variance (ANOVA one-way), followed by the Tukey test, with a
confidence interval of 95%. Different letters in the same column represent
statistically different values.

Fatty acid (%)* C. pyrenoidosa
C14:0 0,88+0,14*
C16:0 24,01+0,228
Cl6:1 7,04+0,01¢
C17:0 1,94+0,01P
Cil7:1 1,86+0,03P
C18:0 13,54 +0,02F

C18:1n9c 7,76+0,13F

C18:2n6¢c 18,36+0,11¢

C18:3n6 24,61+0,30"
AGS 40,37
AGMI 16,66
AGPI 42,97
AGPI/AGS 1,06

*Percentage of fatty acids in relation to total (mass/mass).

According to the Dunstan and collaborators (1993) and Miao and Wu (2004), a concentration variation of
the compositions between the fatty acids in the microalgae biomass may occur, depending on some factors,
such as growth, culture medium, temperature, pH, salinity, luminous intensity, as well as the beginning of the
cultivation and the end, which can reveal different amounts of each of the fatty acids in the biomass to be
analyzed.
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The biochemical composition of the microalgae biomass is not only determined by the nature of each
algal species, depending on factors such as light intensity, temperature, pH, nutrients and agitation (MIAO &
WU, 2004). These can contribute, for the optimization of the cultivation, because the growth of microalgae
derives from several biochemical and biological reactions (BENEMANN, 1990; BENEMANN & OSWALD,
1996; RICHMOND, 2004).

Thus, the content of polyunsaturated fatty acids produced by the microalga can be determined by the
cultivated species, nutrient concentration of the culture medium, aeration flux, luminosity, photoperiod time
and crop temperature, seasonal variation (seasonality) and circadian cycle, among others (FLYNN &
BUTLER, 1986; LOUGHRIN et al., 1991; VONSHAK & TORZILLO, 2008; GROBBELAAR, 2010).

It can be extracted from table 3, that the results predominate in: C18:3n6 y-linolenic acid (omega 6 or w-
6); C16:0 (palmitic acid); C18: 2n6c linoleic acid (omega 6 or w-6), and C18:0 (stearic acid), respectively,
(24.61 £ 0.30%); (24.01 + 0.22%); (18.36 + 0.11%) and (13.54 + 0.02%).

The highest concentrations of the fatty acids were: polyunsaturated (C18:2n6c (linoleic fatty acid (omega
6 or w-6)) and C18:3n6 y-linolenic acid (omega 6 or w-6); and saturated fatty acids (sum of C18:0 (stearic
fatty acid) and C16:0 (palmitic fatty acid)), these results corroborated with literature data reported by Petkov
and Garcia in 2007 under three different culture conditions, for the microalgae C. pyrenoidosa, whereas the
monounsaturated fatty acids (C16:1 palmitoleic acid, C17:1 cis-10-heptadecenoic acid, C18:1n9c oleic acid
(omega 9 or w-9)) resulted in approximately 16, 7%, in relation to the total (mass / mass). However, when
these results of this current research were correlated with the data obtained by the same scientists, it was
observed that the fatty acids: (C16:1) and (C18:1n9c), except for fatty acid (C17:1), (phototrophic,
phototrophic without addition of N and heterotrophic) were similar only for the heterotrophic (C16:1) and the
closest value for C18:1n9c ) was used for the phototrophic cultivation without addition of N. Chisti (2007)
when doing the phototrophic cultivation without addition of N was equal to the value obtained in this current
research, approximately 8% for C18: 1n9c; which also reported in their studies that microalgae varied from
25 to 60% of polyunsaturated fatty acids in dry biomass, which corroborated with this research that
presented approximately 43%.

C14:0 Myristic acid; C16:0 palmitic acid; C16:1 palmitoleic acid; C17:0 Marginic acid; C17: 1 cis-10-
heptadecenoic acid; C18:0 Stearic acid; C18:1n9c oleic acid (omega 9 or w-9); C18:2n6c linoleic acid
(omega 6 or w-6); C18:3n6 v-linolenic acid (omega 6 or w-6). AGS: saturated fatty acid; AGMI:
monounsaturated fatty acid; PUFA: polyunsaturated fatty acid (PUFA); AGPI/AGS: ratio between
unsaturated fatty acid and saturated fatty acid.

However, depending on the parameters (seasonality (date of collection), circadian cycle (collection time),
temperature of the growing room, among others), the estimated results, in relation to the amounts of fatty
acids, may be reproducible and/or not, because it is a natural component (extract of photosynthetic
microorganism) (ARAUJO, 2015).

After some tests with different methodologies, with different solvents, performed in the gas
chromatograph coupled to the mass spectrometer, such as the adapted method of Masood, Stark and Salem
(2005) (1 mg of sample, 150 pl of methanol, 4,3 yl of water, 8,6 ul of acetyl chloride). The dispersion was
vortexed for 1 minute and heated at 50° C for 60 min. After reaching room temperature (25° C), the samples
were centrifuged at 13400 xg for 2 min, in which the upper phase was collected and analyzed via GC-MS.
And the latter method was performed an adaptation of Bignognoa et al., 2002, which used the solvent n-
hexane.

This solvent is the most popular and most used in the extraction of lipids for food application, and which
has been obtained the largest number of fatty acids detected. Since the components extracted by this
solvent are hydrocarbons, triacylglycerols and fatty acids (MOLINA et al., 1999; KOVALCUKS & DUMA,
2014).

Thus, 1 mg of sample was used, which was resuspended in 150 ul of n-hexane, then the vortex was used
for 1 minute. In the next step, the samples were centrifuged at 13400 xg for 2 min (Adaptation of
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BIGOGNOA et al., 2002).

The fatty acids were identified (estimated or analyzed) via GC-MS (Gas Chromatography coupled to
Mass Spectrometry), through the mass ratio on the load (m/z), the fatty acids of the supercritical fluid extract
of microalgae C. pyrenoidosa (tabela 4).

Tabela 4: Identification of fatty acids (mass/charge estimation), present in the
supercritical fluid extract of C. pyrenoidosa, after shaker cultivation.

Fatty acids*

C4:.0 butanoic acid

C8:0 octanoic acid

C9:.0 nonanoic acid (pelargonium)
C10:0 n-decanoic acid

C12:0 dodecanoic acid

C13:.0 tridecanoic acid

C14.0 9-tetradecanoic acid

C15:.0 pentadecanoic acid

C16:0 hexadecanoic acid (palmitic acid)
Cl7:a heptadecanoic acid

C18:0 octadecanoic acid or stearic acid
C18:1n9c oleic acid (w-9)

C20:3 8,11,14-eicosatrienoic acid (w-6)
C20:0 eicosanoic acid or arachidonic acid (w-6)

* Type of fatty acids, present in the microcrystalline supercritical fluid extract (C.
pyrenoidosa), estimate between (mass / load).

CONCLUSION

This research made use of Biotechnology and is a continuation of the studies obtained by the scientists
Araujo, Giudici and Sousa, in 2019, thus, different proportions of fatty acids were observed in the lipid
fractions of this microalga studied here. Thus, it was noted that for the different types of fatty acids, using the
best culture medium (C. pyrenoidosa), which was Bold + 7 mM of NaNOsz and 7 mM of (NHa4)2 SOa4
(described in Aradjo, Giudicia and Sousa, in 2019) were: saturated fatty acid (AGS) = 40.37%,
monounsaturated fatty acid (AGMI) = 16.66%, polyunsaturated fatty acid (PUFA) = 42.97%, and in relation to
to the ratio of unsaturated fatty acid to saturated fatty acid (AGPI / AGS) = 1.06.

The results for gas chromatography coupled to mass spectrometry (mass-to-charge ratio (m / z)) and
correlation with library data from Shimadzu® GCMS-QP 2010 Series LabSolutions GC MSolution software
were estimated to be 14 types of acids fatty acids, which were described in Table 4.

Thus, this research revealed the best results for obtaining a biomass rich in lipoprotein, and with this it
was possible to identify and quantify the fatty acids, with satisfactory results.

Therefore, as described by scientists Araljo, Giudici and Sousa, in 2019, obtaining a natural raw material
(of quality and safety) will depend on many parameters such as temperature, luminous intensity, sources of
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nutrients, pH, among other factors. Thus, the use of all parameters in obtaining a natural quality and safe
raw material, coupled with the most modern, correct and appropriate analysis techniques, will make the
whole process probably reproducible and stable.
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