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RESUMO

Dentre as especialidades quimicas subexploradas em microalgas, o perfil das clorofilas
em diferentes espécies (Chlorella vulgaris e Aphanothece microscopica Nageli) foi
caracterizado em detalhes como o objetivo principal deste estudo. A composicdo das
clorofilas e derivados foi determinada por HPLC-PDA-MS (APCI *). Os padrdes de
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fragmentacdo caracteristicos permitiram identificar oito compostos de clorofila
diferentes. Compostos de relevancia como espécies de clorofila a, clorofila b, moléculas
derivadas de reacGes de feofitinizacdo, epimerizacéo e hidroxilacdo estiveram presentes
nas espécies de microalgas. Valores substanciais de 10.734,19 e 9.121,89 pg.g™ de peso
seco foram obtidos para C. vulgaris e A. microscopica Nageli, respectivamente. Assim, a
abordagem deste estudo contribui de forma significativa para bancos de dados de
composicdo em constituintes bioativos das espécies avaliadas. Além disso, fornecem
informacdes que elevam a importancia desses microrganismos como alternativa para
obtencdo de componentes de alimentos, enfatizando-os como fontes para atender as
necessidades emergentes do mercado de compostos naturais.

Palavras-chave: microalgas, cianobactérias, algas verdes, espectrometria de massa,
pigmentos naturais, componentes de alimentos.

ABSTRACT

Among the specialty chemicals sub-exploited in microalgae, the profile of chlorophylls
in different species (Chlorella vulgaris and Aphanothece microscopica Nageli) was
characterized in detail as the main objective of this study. The composition of the
chlorophylls and derivatives were determined by HPLC-PDA-MS (APCI*). The
characteristic fragmentation patterns have allowed identifying eight different chlorophyll
compounds. Compounds of relevance as species of chlorophyll a, chlorophyll b,
molecules derivative from reactions of pheophytinization, epimerization and
hydroxylation were present in the species of microalgae. Substantial values of 10,734.19
and 9,121.89 pg.g* dry weight were obtained for C. vulgaris and A. microscopica Nageli,
respectively. Thus, the approach of this study contributes significantly to composition
databases in bioactive constituents of the evaluated species. In addition, provide
information that elevates the importance of these microrganisms as alternative for
obtaining of food components, emphasizing them as sources to meet the emerging needs
the market of natural compounds.

Keywords: Microalgae, cyanobacteria, green algae, mass spectrometry, natural
pigments, food components.

1 INTRODUCTION

For decades, research involving biotechnological processes mediated by
microalgae has been growing steadily. These microorganisms are considered excellent
among all types of biomass sources since they can respond to the future challenges in
terms of availability, high rates of growth and production, not competing for arable land.
Also, they are considered ideal sources for obtaining valuable co-products for the food
industry (Khan et al., 2018; Jacob-Lopes et al., 2019). Within the current market context,
approximately 7000 tons of microalgae biomass is produced globally, totaling US$ 32.6
billion. The modeling projects a market of US$ 53.4 billion by 2026 (Rahman, 2020). Of
these values, it is estimated that 75% of the production of microalgae-based products is

destined for food formulation and obtaining bioactive ingredients (Rumin et al., 2020).
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The microalgae biomass has to date found several industrial food applications,
since product formulations with functional characteristics and better nutritional
conditions, even applications that use pigments extracted from biomass as a dye (Lafarga,
2019). However, nowadays the microalgae biotechnology sector is eminently focused on
consolidating microalgae biorefining processes strongly considering the high-value
compounds, with the main objective of supporting the sustainable production of
functional food compounds (Matos, 2017; Rizwan et al., 2018; Koyande et al., 2019).

Few species of microalgae have commercial importance. Those that include the
genus Chlorella (class Chlorophyceae or green microalgae) constantly draw attention as
commercially valuable sources of a wide spectrum of bioactive compounds
(Bhalamurugan et al., 2018). Specifically, the species C. vulgaris is successfully used in
the food industry, feed industry and also in the pharmaceutical industry (da Silva et al.,
2019). Thus, considering the number of different species of microalgae existing
(stipulated in more than 50,000) is still very small the number of strains that were studied
(Sathasivam et al., 2017). In this respect, looking to the exploring new microalgae species
for possible commercial applicability, the microalgae Aphanothece microscopica Nageli,
from the Cyanophyceae class, has been the subject of intensive research. This microalgae
specie has high production rate and synthesis capacity of several valuable compounds,
including fatty acids, proteins, and carotenoids (Zepka et al., 2008; Zepka et al., 2010;
Patias et al., 2017; Vendruscolo et al., 2018; Maroneze et al., 2019). Nevertheless, there
are other important molecules bioactive to be elucidate in the composition of microalgae
biomass, one of them being class of chlorophyll pigments. These compounds still little
explored in microalgae, are primary pigments in the metabolism these microrganisms due
to its “light harvesting’’ role in photosynthesis. Also, are considered fundamental
molecules of life and probably the most important and widely distributed of all natural
pigment (Mulders et al., 2014; Solymosi and Mysliwa-Kurdziel, 2017).

Consists of a class of more than 100 different structures naturally synthesized by
oxygenic photosynthetic organisms such as plants, algae, microalgae and cyanobacteria,
with five species characterized as chlorophyll a, b, ¢, d and f (Perez-Galvez et al., 2017).
Given his sensitivity, the chlorophyll molecules form derivatives compounds, as
consequence of natural metabolism, chemical or enzymatic action. Among the
chlorophyll derivatives are the oxidized compounds due to a substitution of the H atom
at C 13, by a hydroxyl group, the so-called hydroxy derivatives. By contrast, when the

central magnesium atom of the tetrapyrrol ring is easily replaced by two hydrogen atoms
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occurs the formation of pheophytins. On the other hand, the formation of isomers can also
occur, originating from decarbomethoxylation at position C-13, position (Roca et al.,
2016).

Chlorophyll compounds are potentially important molecules not only as a colour
pigment but also because of their health benefits. Important and prominent biological
activities for human health have been demonstrated for chlorophylls and their derivatives,
such as the antimutagenic effect, anti-inflammatory, antigenotoxic properties, and potent
antioxidant capacity to eliminate free radicals and prevent lipid oxidation (Lanfer-
Marquez et al., 2005; Ferruzzi and Blakeslee, 2007; Pérez-Galvez et al., 2017).

These compounds are currently produced on industrial scale mainly via higher
plants such as spinach, alfalfa, stinging nettle, or corn (Sarkar et al., 2020). However,
the growing search for natural food components encourages research aimed at the
synthesis of these compounds by alternative biological routes. Accordingly, microalgae
are considered attractive sources to be explored, since these microorganisms can
synthesize chlorophylls in greater proportions than higher plants (Khanra et al., 2018).

Considering the high concentration of chlorophyll and other compounds present
in microalgae, several studies have shown the possibility of application of the biomass of
these organisms as the functional and natural green dye in foodstuffs formulations
(Gouveia et al., 2006; Gouveia et al., 2007; Gouveia et al., 2008; Fradique et al., 2010;
Ozyurt et al., 2015; Pool et al., 2016; Batista et al., 2017; Palabiyik et al., 2018; Lafarga,
2019). However, these studies lack exploratory analysis of chlorophyll composition in
the microalgae biomass used.

In this sense, aiming to explore potential sources for obtaining natural
chlorophylls, a comprehensive analysis of the chlorophylls fraction in Chlorella vulgaris

and Aphanothece microscopica Nageli was the aim of this study.

2. MATERIAL AND METHODS
2.1 CHEMICALS

Standards of chlorophyll a, chlorophyll b, (with purities ranging from 95.0% to
99.9%, as determined by HPLC-PDA) were purchased from Sigma-Aldrich (Missouri-
MO, USA). The pheophytin a standard was obtained in our laboratory through an acid
hydrolysis reaction from the standard chlorophyll a, where the Mg?* ion is replaced by

two hydrogen atoms (Fernandes et al., 2017). Methanol, ethanol, acetone, methyl tert-
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butyl ether (MTBE), ethyl acetate, petroleum ether and diethyl ether were purchased from
Sigma-Aldrich (St. Louis-MO, USA).

2.2 MICRORGANISMS AND CULTURE MEDIA

Axenic cultures of Chlorella vulgaris (CPCC90) were obtained from the
Canadian Phycological Culture Center. Axenic cultures of Aphanothece microscopica
Ndgeli (RSMan92) were obtained from the collection of the Cyanobacteria and
Phycotoxins Laboratory of the Institute of Oceanography from the Federal University of
Rio Grande (www.cianobacterias.furg.br). Stock cultures were propagated and
maintained in synthetic BG11 medium (Braun-Grunow medium) (Rippka et al., 1979).
The incubation conditions were 30 °C, photon flux density of 15 pmol.m 2.s and a
photoperiod of 12 h were used.

2.3 MICROALGAE BIOMASS PRODUCTION

The biomass production was carried out in a bubble column photobioreactor
(Maroneze et al., 2016) operating in intermittent regime, fed with 2.0 L of BG11 medium
(Rippka et al., 1979). The experimental conditions were as follows: initial concentration
of inoculum of 100 mg.L?, temperature of 25 °C, aeration of 1 volume of air per volume
of medium per minute, a photon flux density of 150 pmol.m 2.5, photoperiod of 12/12

hours light/dark, and a residence time of 168 h.

2.4 BIOMASS CONCENTRATION
The biomasses were separated from the culture medium by centrifugation. It was
subsequently freeze dried (Lyophilizer Liotop L101) for 24h at -50 °C above -175 um

Hg, and then stored under refrigeration until the time of analysis.

2.5 CHLOROPHYLL EXTRACTION

The chlorophylls was exhaustively extracted from the freeze-dried samples (0.2 +
0.02 g) with ethyl acetate and methanol in a mortar with a pestle followed by
centrifugation (Hitachi, Tokyo, Japan) for 7 min at 1500 x g. (Mandelli et al, 2012). The
extraction procedure was repeated until the supernatant becomes colorless. The
homogenized sample suspension was filtered through a 0.22 pm polyethylene membrane,
concentrated in a rotary evaporator (T<30 °C), flushed with N2 and kept at -37 °C in the

dark until chromatographic analysis.
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2.6 HPLC-PDA-MS/MS ANALYSIS

The chlorophylls were analyzed by high performance liquid chromatography
HPLC (Shimadzu, Kyoto, Japan) equipped with binary pumps (model LC-20AD), online
degasser, and automatic injector (Rheodyne, Rohnert Park-CA, USA). The equipment
was connected in series to a PDA detector (model SPD-M20A) and a mass spectrometry
was performed with a Shimadzu 8040 triple quadrupole mass spectrometer and
atmospheric pressure chemical ionization (APCI) source (Shimadzu America, Columbia,
MD, USA). The UV-vis spectra were obtained between 350 and 660 nm, and the
chromatograms were processed at 660 nm. Chlorophyll separation was carried out on a
C30 YMC column (5 pm, 250 x 4.6 mm) (Waters, Wilmington, DE, USA). Prior to
HPLC-PDA-MS/MS analysis, the chlorophylls extract was solubilized in MeOH:MTBE
(70:30) and filtered through Millipore membranes (0.22 um). HPLC-PDA-MS/MS
parameters were set as previously described by De Rosso and Mercadante (2007), and
Fernandes et al. (2017). The mobile phase consisted in MeOH (solvent A) and MTBE
(solvent B) mixture. A linear gradient was applied from 95:5 to 70:30 in 30 min, to 50:50
in 20 min. The flow rate was 0.9 mL.min"! and the column temperature set to 29 °C, and
the injection volume was 20 pL.

The MS/MS detection was achieved according to Giuffrida et al., (2017) with
adaptations, the APCI interface operated in positive (+) mode; detector voltage: 4.5 kV;
interface temperature: 350 °C; DL temperature: 250 °C; heat block temperature: 200 °C;
nebulizing gas flow (N2): 3.0 L.min*; drying gas flow (N2): 5.0 L.min%; collision induced
dissociation (CID) gas: 23 kPa (argon); event time: 0.5 s. To improve the quality of
identification, the MS was used simultaneously in SIM (Select lon Monitoring) and MRM
(Multiple Reaction Monitoring) modes.

The identification was performed according to the following combined
information: elution order on C30 HPLC column, co-chromatography with authentic
standards, UV-Visible spectrum (A max, spectral fine structure), and mass spectra
characteristics (protonated molecule ([M + H]* ) and MS/MS fragments), compared with
data available in the literature (Chen et al., 2017; Fernandes et al., 2017; Loh et al., 2012;
Gauthier-Jaques et al., 2001).

The chlorophylls were quantified by HPLC-PDA using external calibration curves
for chlorophyll a, chlorophyll b and pheophytin a with a minimum of five concentration
levels. 13%-hydroxy chlorophyll a, 132-hydroxy chlorophyll a', chlorophyll a, and
chlorophyll a’ where quantified using the curve of chlorophyll a; the 132-hydroxy
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pheophytin a, pheophytin a, and pheophytin a' using the curve of pheophytin a; and
chlorophyll b was quantified using the curve of chlorophyll b. Total chlorophyll content

was calculated considering all identified peak areas.

2.7 STATISTICAL ANALYSIS

Descriptive statistics and Student's t-test (p < 0.05) were applied to experimental
data. The analyses were performed with the software GraphPad Prism 5.0 (GraphPad
Software Inc., La Jolla-CA, USA).

3 RESULTS AND DISCUSSION

Table 1 and Figure 1 shows a qualitative profile of eight chlorophyll derivatives
identified in Chlorella vulgaris and Aphanothece microscopica Nageli. Because the
chlorophyll compounds have low polarity, atmospheric pressure chemical ionization
(APCI) was used to facilitate the ionization and production of [M + H]" ions.
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Table 1 Characterization by HPLC-PDA-MS/MS of the profile of chlorophyll compounds present in biomass of Chlorella vulgaris and Aphanothece microscopica Nageli.

Peak’ Chlorophyll te (Min)”  Amax (nm)°  [M+H]" MS/MS fragment ions (m/z)
1 132-hydroxy chlorophyll a 9.2 421, 660 909 891[M+H-18]"; 631[M+H-278]"; 613[M+H-278-18]"
2 132-hydroxy chlorophyll a' 10.2 422, 663 909 891[M+H-18]*; 631[M+H-278]"; 613[M+H-278-18]"
3 Chlorophyll b 10.6 468, 659 907 875[M+H-32]*; 629[M+H-278]"; 597[M+H-278-32]";
569[M+H-278-60]"
4 Chlorophyll a 15.1 432, 665 893 615[M+H-278]*; 583[M+H-278-32]"; 555[M+H-278-60]*
5 Chlorophyll a' 17.0 431, 665 893 615[M+H-278]*; 583[M+H-278-32]"; 555[M+H-278-60]*
6 132-hydroxy pheophytin a 24.2 409, 666 887 869[M+H-18]*; 803[M+H-63]"; 609[M+H-278]";
591[M+H-278-18]"; 531[M+H-278-18-60]"
7 Pheophytin a 31.7 408, 666 871 593[M+H-278]"; 533[M+H-278-60]*
8 Pheophytin a’ 33.0 408, 665 871 593[M+H-278]*; 533[M+H-278-60]*

*Numbered according to the elution order on C30 HPLC column.
btR: Retention time on the C30 column.

‘Linear gradient Methanol:MTBE.
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Figure 1. Structures and nomenclature of chlorophylls and their derivatives identified by HPLC-PDA-MS/MS in Chlorella vulgaris and Aphanothece microscopica nageli.

““H““
formula

- 13%-hydroxy chlorophyll a CegHyaMgN,Og COOCH,
— 132-hydroxy chlorophyll a' CssH7aMEN,O; CH, Mg  COOCH, OH
— Chlorophyll b CosHygMeN,O; CHO Mg H COOCH,
— Chlorophyll a CosHyMgN,O; CH; Mg o COOCH,
— Chlorophyll o' CsHyMgN,O- CH, Mg  COOCH, H
— 132-hydroxy pheophytin a CogHygN40; CH; 2H OH COOCH,
— Pheophytin a CosHygN40; CH; 2H H COOCH,
“ Pheophytin a' CosHygN,4O; CH; 2H COOCH;, H
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The characteristics and chemical structure of the compounds separated in the
microalgae analyzed are presented in Table 1 and Figure 1, and the identification is
discussed according to the elution order. Once a detailed description of chlorophylls
identification using chromatographic information has already been reported by our
research group (Fernandes et al., 2017), only chromatographic considerations about
chlorophyll compounds not previously identified were discussed below.

Peak 1 was identified as the 132-hydroxy chlorophyll a (molecular formula
CssH73MgNsOg) on the basis of the characteristic UV-visible spectra (421, 660), and
protonated molecule at m/z 909, similar to the data from the literature (Kao et al., 2011;
Loh et al., 2012). In this molecular structure, the subsequent loss of the hydroxyl group
(C132; Fig. 1) and diterpene alcohol phytol correspond to the fragments m/z 891 [M+H-
18]* and m/z 631 [M+H-278]", respectively.

Chlorophyll a’ (peak 5) was identified, based on UV/visible (Amax), retention time
of peak and confirmed by HPLC-MS. The maximal absorbance in the UV/visible
spectrum, were located at 431 and 665 nm. The protonated molecule was identified as
m/z 893 and the fragment ions were 615[M+H-278]", 583[M+H-278-32]", 555[M+H-
278-60]". The fragment m/z 615 [M +H-278]" corresponds to the characteristic loss of the
diterpene alcohol phytol from the C17 propionic substituent (numbering scheme in Fig.1);
while the fragment at m/z 583 [M+H-278-32]" represent the loss of CH3O group; and m/z
555 [M+H-278-60]" corresponds to loss of CH3COO group, formed from the cleavage of
the ester bond (substituent C17). As previously reported in the literature, the MS/MS
fragmentation patterns of a/a’ isomers are basically identical in the APCI-HPLC/MS/MS
conditions (Gauthier-Jaques et al., 2001). However, a significant difference in the
intensity of the main fragment ([M+H]") allows the differentiation between them.
Chlorophyll a is higher intense in the main fragment (m/z 893), while in chlorophyll a'
isomer, the intensity is lower.

In addition to the chlorophyll pigments specified above, it was possible to identify
chlorophyll b (peak 3), chlorophyll a (peak 4), its Mg-free derivative pheophytin a (peak
7), as well as hydroxyl-containing derivatives were identified as 132-hydroxy chlorophyll
a' (peak 2), 132-hydroxy pheophytin a (peak 6), and the pheophytin a' isomer (peak 8).

The contents of chlorophyll and their derivatives in chlorophyll extract from
Chlorella vulgaris and Aphanothece microscopica Nageli are shown in Table 2. The total
chlorophylls contents from biomass were 1,0734.19 pg.g™ and 9,121.89 pg.g’', as dry

weight, respectively.
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Although the use of microalgae of Chlorella genus is consolidated in the market
of natural products, as far as we know, the literature lacks information about of the
chlorophylls detailed profile in the microalgae Chlorella vulgaris. A total of six
chlorophyll compounds were identified in the Chlorella vulgaris extract (Table 2). This
microalgae presented a notably superior quantitative profile (10,734.19 ug.gl) when
compared to another microalgae under study, considering values of 1.17 fold higher than
the concentration of chlorophyll total in Aphanothece microscopica Nageli. The major
chlorophyll compounds in Chlorella vulgaris were chlorophyll a (57.43%), chlorophyll
a' (15.04%), pheophytin a' (13.73%) and 132-hydroxy chlorophyll a' (8.22%). In parallel,
pheophytin a and chlorophyll b were identified as minor compounds, representing 5.56
% of the total content of chlorophylis.

For chlorophyll b series, C. vulgaris presented a total of 277.98 ug.g™, represented
only by the parental chlorophyll b. In contrast, we detected a higher concentration of
series a compounds, which represents a total of 10,456.21ug.g™. The fraction of
compounds without central magnesium ion in their structure (Figure 1) represents
approximately 1,793.68 ug.g™ of the total quantified chlorophylls and is constituted of

the compounds pheophytin a and its
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nd: not detected.

Table 2 Quantitative characterization of chlorophyll compounds in microalgae extracts (ug.g™ dry weight).

Peak Compound Chlorella vulgaris Aphanothece
microscopica Ndgeli

1 13%hydroxy chlorophyll nd 7.14 £0.17
a

2 132%-hydroxy chlorophyll 881.74°+£2.82 1,616.81*+5.61
al

3 Chlorophyll b 277.98+0.89 nd

4 Chlorophyll a 6,165.45* + 3.21 2,528.59°+ 4.32

5 Chlorophyll a' 1,615.31*£5.17 723.09° +2.78

6  13%-hydroxy pheophytin nd 279.94 + 1.24
a

7 Pheophytin a 319.33°+ 1.02 568.34% + 2.08

8 Pheophytin a' 1,474.34°+ 4.72 3,397.94* £2.21
Chlorophyll a series 10,456.21* £ 2.72 9,121.89° + 6.19
Chlorophyll b series 277.98+1.89 nd

Total pheophytins

Total 13%-hydroxy
derivatives

1,793.68° + 2.74
881.74°+£2.82

3,966.29* +3.12
1,903.91* £ 1.12

Total chlorophyll

10,734.19* £ 5.39

9,121.89"+ 6.19

Values are average and standard deviation of triplicates.
Different letters in the same line differ significantly by Student's t-test (a = 0.05).
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pheophytin a' isomer. In this microalgae species, only one hydroxylated compound was
detected (132%-hydroxy chlorophyll a'), with a quantitative value of 881.74 ug.g.

The composition of chlorophyll compounds in Aphanothece microscopica Négeli can
be seen in Table 2. A profile of seven compounds was detected in this microalgae. The
pheophytin a' (3,397.94 pg.g™!) (37.25%) was quantitatively dominant in chlorophyll profile of
microalgae, followed by chlorophyll a (2,528.59 ug.g™) (27.72%), 132-hydroxy chlorophyll a'
(1,616.81 ng.g!) (17.72%) and chlorophyll a' (723.09 pg.g') (7.92%). The three minor
compounds (peak 1, 6, and 7) represented about 9% of the total content.

As expected, only chlorophyll derivatives of series a were detected for cyanobacteria
Aphanothece microscopica Ndgeli. Hydroxylated compounds, epimers, and without the central
magnesium ion constituted the profile of this species. Of these, Mg-free compounds (peak 7
and 8) represent 3,966.29 ng.g! of the total chlorophyll content. Among 132-hydroxy
derivatives, the compounds 13%-hydroxy chlorophyll a (peak 1), 132-hydroxy chlorophyll a'
(peak 2), and 13%-hydroxy pheophytin a (peak 6) were identified and quantified with a total of
1,903.91 pg.g’l. Besides that, the 13%-hydroxy chlorophyll ¢ and 13%-hydroxy pheophytin a
were only identified in this species of microalgae.

The total content of pheophytins was relatively abundant in Aphanothece microscopica
Négeli (43.48%) which corresponds to approximately 2 times more than that found in the green
microalgae under study (16.70%). This can be hypothetically explained by cell morphology, in
which the synthesis and storage of chlorophylls in cyanobacteria occur dispersed in the
hyaloplasm, which causes less protection of these pigments the action of enzymes or chemistry
action in the displacement of the magnesium ion, formation thus, oxidized compounds. On the
other hand, smaller amounts of pheophytins were evidenced in Chlorella vulgaris (1,793.68
ng.gl), which is probably attributed to chlorophyll being confined in chloroplasts and also
protected by a hydrophobic membrane, which provides greater stability to these compounds.

Regarding the total content of 132-hydroxy derivatives, Aphanothece microscopica
Nageli also showed a higher concentration, reaching values of 1,903.91 pg.g?, while in
Chlorella vulgaris practically half was found (881.74 ug.g™). According to literature data, the
formation of these compounds is probably caused by a hydroxylation formed by the enzyme
chlorophyll oxidase (Huang et al., 2008).

Additionally, the chlorophyll @' isomer had a relatively lower quantitative profile in the
two microalgae when compared to the parental chlorophyll a. These results thus demonstrate a

concordance with the study by Nakamura et al., (2003) that reports low concentrations of the
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compound in photosynthetic microrganisms. Indeed, it has been well established that in
addition to degradation, chlorophylls can be susceptible to epimerization at C13? for
chlorophyll a’ formation (Kao et al., 2011).

In terms of ratio chlorophylls a/b, according to Kang et al., (2018), photosynthetic
microrganisms present chlorophyll a and chlorophyll b in a ratio of 3:1, however in our study
we found a higher ratio, corresponding to 22:1 in Chlorella vulgaris. This high chlorophyll a/b
the ratio can probably be attributed to the low enzymatic activity of oxygenase since this
enzyme catalyzes the conversion of the methyl group bound to ring Il (Figure 1) to aldehyde
(Xu et al., 2001; Harada et al., 2012; Yen et al., 2013).

After the identification of chlorophyll profile from microalgae was possible to determine
the dominant polarity of compounds as lipophilic, since they have a propionic acid esterified
with diterpene phytol alcohol in C17. However, hydroxyl compounds have tendency to polar
character. These compounds represent 8.21% in C. vulgaris, and 20.85% in A. microscopica
Nageli.

Although the different microalgae phylum presents a difference in the chlorophyll
fraction, five compounds (peak 2, 4, 5, 7, and 8) are common among the two microalgae
investigated. However, all compounds showed a significant difference (p<0.05) in the
quantitative profile. Accordingly, the green microalgae showed compounds de chlorophyll
equivalent to those of the cyanobacteria under study, when considering the qualitative profile.
This is probably attributed to the same route of synthesis of chlorophylls, in the two groups of
microalgae, to occur along the C5 pathway, in which the first dedicated precursor of the
pathway, 5-aminolevulinic acid (ALA), is synthesized from a molecule of glutamate. However,
it is still a challenge to understand the specific route of chlorophyll synthesis in different classes
of microalgae. This is because these compounds are inherently unstable and reactive in the
presence of oxygen and light (Beale, 1999; Lohr et al., 2005; Larkin et al., 2016).

In relation to microalgae culture, Kong et al. (2011) demonstrated higher concentrations
of chlorophylls in phototrophic cultures, due to the fact, that the synthesis/formation of
photosynthetic pigments highly influenced by the light source (Mohsenpour et al., 2012). Most
algae cultured under optimum condition were reported contained about 4% dry weight of
chlorophyll from overall cell weight (Kong et al., 2014). On the other hand, our results
presented values of 5.3% (Chlorella vulgaris) and 4.5% (Aphanothece microscopica Nageli)

chlorophyll on a dry weight.
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The literature reports scarce data on the complete characterization of chlorophyll
pigments in the microalgae species under study (Kong et al., 2011; Plaza et al., 2012), which
makes it difficult to compare them with data from the literature. However, our results
demonstrate an interesting profile to be explored and considered as an alternative source for
obtaining natural chlorophyll pigments.

4 CONCLUSION

The methodology used in HPLC-PDA-MS/MS allowed the complete characterization
of the profile of chlorophylls and their derivatives of Chlorella vulgaris and Aphanothece
microscopica Nageli, determining a total of eight compounds.

Among the compounds identified, chlorophyll a was the major pigment Chlorella
vulgaris, representing values of 57.43% in dry weight. On the other hand, Aphanothece
microscopica Nageli presented pheophytin a' as higher compound at concentrations of 37.25%
in dry weight. Also, it was possible to identify molecules derivatives from chlorophyll as
hydroxylated compounds, isomers, and pheophytins in the two microalgae understudy.

Although there is a constant search by the food industry for natural food components
and functional, there are still few studies that explore different species of microalgae as a source
of natural chlorophyll pigments. Taking these fine chemicals into account, the results obtained
here generate new possibilities for the industrial sources of the presented chlorophylls, since
the two species of microalgae showed a profile of chlorophylls substantially interesting to be

considered for exploration to industrial level.
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