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Abstract 1 

Microalgae have been suggested as potential source for new functional ingredients, 2 

making possible the development of new functional foods from natural origin. Among 3 

the natural ingredients, polyunsaturated fatty acids (PUFAs) have generally been 4 

identified as an interesting group of compounds with biological activity, mainly related 5 

to their anti-inflammatory properties. In this regard, the use of environmental-friendly 6 

extraction procedures (e.g., pressurized liquid extraction, PLE) to obtain such natural 7 

ingredients is everyday more and more demanded. In this work, an exhaustive 8 

characterization of the lipid  fraction of a  pressurized ethanol extract of Spirulina 9 

platensis microalga is carried out.  To achieve this objective HPLC coupled to 10 

quadrupole-time-of-flight (QTOF-MS) is employed. The use of the QTOF analyzer 11 

allows selecting and isolating adequate precursor ions as well as provides the high 12 

efficiency, sensitivity and mass accuracy required. By means of this powerful 13 

hyphenated technique, it was possible to identify several polar lipids in Spirulina 14 

platensis extract (some of them, to our knowledge, described for the first time in this 15 

work), including four free fatty acids, four monogalactosyl monoacylglycerols, three 16 

phosphatidylglycerols and two sulfoquinovosyl diacylglycerols. 17 

 18 
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INTRODUCTION. 1 

Microalgae have recently been identified as a useful potential natural source for new 2 

functional ingredients to design new functional foods1-4. Functional foods are 3 

characterized by providing  a beneficial physiological action in addition to the energetic 4 

and nutritional contributions that every food must confer5. Among the natural functional 5 

ingredients that can be used to elaborate functional foods, PUFAs have received much 6 

attention due to their properties mainly as anti-inflammatory6,7. These compounds have 7 

been found in microalgae8 mostly stored in the organism as polar lipids. The major 8 

polar lipids that can be found in microalgae are monogalactosyl diacylglycerol 9 

(MGDG), digalactosyl diacylglycerol (DGDG) and phosphatidyl glycerol (PG)9. 10 

Although these compounds, primarily MGDG and DGDG, have been  well known for  11 

more than 40 years,  their relative importance has been recently raised, when different 12 

functional activities, mainly anti-inflammatory, have been described for these 13 

compounds6,7. . The presence of, for example, glyco- analogs of ceramides and PG with 14 

anti-thrombotic and anti-inflammatory activities has also been reported in 15 

cyanobacteria10. MGDG and DGDG are characterized by containing a galactose linked 16 

to the position sn-3 of the glycerol backbone. These polar lipids are found in the cells in 17 

the thylakoid membrane. In general, the lipid composition of microalgae, including their 18 

polar lipids, has been broadly studied11 and it is often related to the ability of these 19 

organisms to adapt themselves to extreme environmental conditions12,13. The relative 20 

amounts as well as the fatty acid compositions of these polar lipids are greatly 21 

dependant on the microalga species. Several studies have been carried out to determine 22 

the polar lipid composition of very different microalgae species,9,14-17 including 23 

Spirulina platensis, which is the organism studied in this work18.  24 
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In previous works, we have demonstrated the great possibilities of combining natural 1 

sources such as microalgae and environmental-friendly extraction techniques such as 2 

pressurized liquid extraction (PLE) or supercritical fluid extraction (SFE) in order to 3 

obtain natural ingredients with biological activity using “green” processes19-23. In  a 4 

previous work19 carried out in our laboratory, we optimised  the pressurized liquid 5 

extraction of Spirulina platensis to obtain extracts with both, a strong biological activity 6 

and a high yield; several solvents were tested and ethanol was selected as the most 7 

suitable to meet these requirements considering also its “green” nature. Although a 8 

tentative chemical characterization of these extracts was performed24, in the present 9 

work, a more exhaustive chemical characterization of the optimum selected ethanol 10 

extract is carried out, with the aim to identify more precisely its composition.  11 

To accomplish this objective, a new method has been developed combining HPLC-ESI-12 

Q-TOF to identify the compounds present in the ethanolic extract of Spirulina platensis.  13 

As it has been suggested, the combined use of HPLC-ESI-QTOF offers different 14 

advantages such as the possibility to analyze low and high molecular weight compounds 15 

with a soft ionization method (such the ESI), with good reproducibility and high 16 

sensitivity25,26, and the possibility to  isolate precursor ions for being further   analysed 17 

by MS/MS, with the high efficiency, sensitivity and accuracy of a TOF mass analyzer 18 

across the full mass range26. 19 

 20 

MATERIALS AND METHODS. 21 

 22 

 Samples and Chemicals. 23 

The microalga samples (Spirulina platensis) consisted on air-dried microalgae  24 

purchased from Algamar S.A. (Pontevedra, Spain), stored under dry and dark conditions 25 
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until use. Ethanol was supplied by Scharlau Chemie (Barcelona, Spain). Deionized 1 

water was obtained using a Milli-Q system from Millipore (Bedford, MA, USA). 2 

Acetonitrile and ammonium bicarbonate were purchased from Scharlab (Barcelona, 3 

Spain) while formic acid (98%, for analysis) was obtained from Panreac Quimica 4 

(Barcelona, Spain). 5 

For the HPLC-MS calibration, a mixture of phosphazenes supplied by Agilent (Palo, 6 

CA, USA) and taurocholic acid (Applied Biosystems, Foster City, CA, USA) were 7 

used. 8 

 9 

 Pressurized liquid extraction (PLE). 10 

The Spirulina platensis PLE extractions were performed using an accelerated solvent 11 

extractor system (ASE 200, Dionex Corporation, Sunnyvale, CA, USA) equipped with a 12 

solvent controller. The extractions were performed with ethanol at 111ºC for 15 13 

minutes19 using the  procedure  previously described19. Briefly, it consisted of: (i) 2.0 g 14 

of sample is loaded into a 11 ml volume extraction cell; (ii) the extraction cell is filled 15 

with solvent and a pressure of 1500 psi is applied, (iii) initial heat-up time is then 16 

applied (determined by the extraction temperature, 6 minutes at the extraction 17 

temperature set); (iv) a static extraction with all systems valves closed is performed 18 

during 15 minutes; (v) the cell is rinsed (with 60% cell volume using extraction 19 

solvent); (vi) the solvent is purged from the cell with N2 gas and (vii) depressurization 20 

takes place. For solvent evaporation, a Rotavapor R-200 (from Büchi Labortechnik AG, 21 

Flawil, Switzerland) was used. Then, the sample was redissolved in ethanol to a known 22 

concentration and kept protected from light and refrigerated until analysis. 23 

 24 

 HPLC-MS analyses. 25 
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Mass spectrometry experiments were performed with a HPLC instrument (HP1100 1 

Series, Agilent Technologies, Palo Alto, CA, USA) coupled to a hybrid QTOF mass 2 

spectrometer (QStar Pulsar I, Applied Biosystems, Foster City, CA, USA).  To separate 3 

the compounds in the mixture a Luna column (Phenomenex, Tarrance, CA, USA) 150 4 

mm, 2.1 mm i.d., 5 μm particle size, was used at a flow rate of 200 μl/min. An 5 

electrospray (ESI) source was used to produce ionization in both ionization modes, 6 

positive and negative. To analyze compounds in negative mode (ESI -), ammonium 7 

bicarbonate 10 mM was used in the channel A and acetonitrile was employed in the 8 

channel B as mobile phases. The composition of organic solvent was changed from 9 

20% to 95% B in 20 min and was kept at this composition for 30 min, until the end of 10 

the run (total run time equal to 50 min). The experiment was running for 50 min. To 11 

analyze compounds in positive mode (ESI +), dissolutions composed by 0.5% formic 12 

acid  in water(v/v) and 0.5% formic acid in acetonitrile (v/v) were used as mobile 13 

phases A and B, respectively. The organic solvent was changed again from 20 to 95% B 14 

in 20 min and was kept at this composition for 30 min, until the end of the run. A 15 

splitter (incorporated in the instrument) was used to reduce the flow to 60 μl/min. 16 

Just before the separation, an external calibration in the mass spectrometer was 17 

performed with a mixture of phosphazenes. The maximum error accepted to calibrate in 18 

the whole range of mass was 5 ppm. In experiments done in our laboratory we have 19 

observed that the calibration is stable for around 1 hour and 30 min. The instrumental 20 

parameters were set as follows: masses detected from 50 to 2000 Da; Ion Spray Voltage 21 

(IS): -4200 V in negative mode and 5000 V in positive mode; Ion Source Gas (GS1): 65 22 

psi; Curtain Gas (Cur): 20 psi; Declustering Potential (DP): 50 V; Focusing Potential 23 

(FP): 265 V; Declustering Potential 2 (DP2): 15 V. 24 
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MS/MS experiments were carried out with the more intense peaks detected in negative 1 

mode. Previously and just before each MS/MS experiment, the instrument was 2 

calibrated with taurocholic acid or phosphazenes depending on the ions to be measured. 3 

Also, for one of the experiments (ion 817), we verify that the accuracy of the reference 4 

mass was lower than 5 ppm by adding the calibration standard after the MS/MS 5 

experiment.  The collision energy was changed for each ion selected in order to obtain 6 

good fragmentations (m/z 483 (CE=-35 eV); m/z 745 (CE=-40eV); m/z 761 (CE: -70 7 

eV); m/z 791 (CE= -70 eV); m/z 817 (CE= -70 eV)). 8 

The accurate masses obtained were processed using the elemental composition 9 

calculator incorporated in the Analyst Software (Applied Biosystems, Foster City, CA, 10 

USA). The parameters settings were as follows: C: 0-60; H: 0-100; N:0-6; O: 0-20. The 11 

dbe (double bond equivalent) was set from 0 to 50. In the cases in which P was a 12 

possible constituent of the ion composition, it was set from 0 to 3, and if S was 13 

supposed to be a constituent, it was set from 0 to 1. A margin of error up to 10 ppm for 14 

unknown compounds was admitted.  15 

 16 

 RESULTS AND DISCUSSION. 17 

In a previous work19, the optimization of the pressurized liquid extraction (PLE) 18 

conditions from Spirulina platensis microalgae was carried out to obtain extracts with 19 

strong antioxidant activity and high yields. In that work19, the optimum PLE extraction 20 

conditions selected were using ethanol as extraction solvent at 111ºC for 15 minutes.  21 

Several compounds were identified24  such as β-carotene, zeaxanthin, as well as other 22 

carotenoids that could not be unequivocally identified.  However, several compounds of 23 

this extract could not be identified due to their strong polarity (as deduced from their Rf 24 

values in TLC and elution times in HPLC24). With the aim to identify these unknown 25 
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compounds, in this work, a new HPLC-ESI-QTOF-MS method was developed as 1 

described in the Materials and Methods Section. By using this  method, it was possible 2 

to analyze the ethanol extracts in both ionization modes, negative and positive 3 

electrospray. In Figure 1, a comparison of the chromatograms obtained using both 4 

ionization modes as well as UV detection (280 nm, Figure 1A) is shown. As it can be 5 

observed, 11 compounds  were detected in negative ionization mode (Figure 1B) while 6 

4 compounds were clearly detected in positive  mode (Figure 1C); for which only two 7 

new compounds could be detected (compounds 12 and 13 in Figure 1C). As can be 8 

seen, response was higher using the negative ionisation mode (better S/N ratio), thus, it 9 

seems  that the electrical charge of the analytes is more probably of negative nature. 10 

Interestingly, a large number of compounds detected using UV at 280 nm (see Figure 11 

1A) were not detected by ESI-QTOF-MS in any of the two ESI modes (see Figure 1B 12 

and 1C); this result seems to indicate  the difficulty to ionize these unknown compounds 13 

by ESI.  Therefore, we focused on the identification of the 13 unknown compounds 14 

detected in Figure 1B and 1C.    15 

By using the QTOF analyzer, it was possible to obtain highly accurate m/z values 16 

and/or to isolate different precursor ions and to study their MS/MS fragmentation 17 

pattern. For all these compounds their possible molecular formulae was calculated as 18 

indicated above (see Materials and Methods Section). To figure out which of these 19 

molecular formulae was the most probable, different criteria were considered such as 20 

the general rule of the number of nitrogen atoms, the double bond equivalent index 21 

(dbe)27, as well as the detection of several product ions and complementary ions that 22 

could confirm the proposed composition. The dbe parameter, corresponding to the 23 

probable molecular formula, was definitive to reject those formulae which do not 24 
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account for the number of unsaturations found. Also, in this work the detection of a 1 

mass loss of 162 Da was attributed to hexose28. 2 

Following these rules, the compounds with lower molecular masses (corresponding to 3 

compounds 2, 3 and 4) were successfully identified as the fatty acids γ-linolenic acid, 4 

linoleic acid and palmitic acid according to their molecular formulae with errors smaller 5 

than 8 ppm, as it can be observed in Table 1. This identification agrees with the data 6 

found in the literature3,29 in which palmitic, linoleic and γ-linolenic (GLA) are 7 

considered the main fatty acids in Spirulina platensis. Besides, nowadays GLA is 8 

considered a compound of great importance since it is capable of reducing the low 9 

density lipoproteins levels in hypercholesterolemic patients30. For this reason, GLA is 10 

already used as a functional ingredient in many different commercialized foods. 11 

Nowadays, one of the hot research topics related to GLA is the seek of new natural 12 

sources containing this fatty acid2. Concerning the stearic acid (Table 1, compound 7), 13 

although it cannot be considered  a main fatty acid in Spirulina, its minoritary presence 14 

in this microalga has already been detected by other authors18 in good agreement with 15 

our results. 16 

On the other hand, the MS/MS analysis of the rest of the compounds with higher 17 

molecular masses showed different fragmentation patterns which in all cases included 18 

mass losses corresponding to different fatty acids. This fact led us to consider that these 19 

compounds should very probably be polar lipids containing one or more fatty acids.  20 

Four of these compounds showed a similar ESI-MS behaviour and fragmentation 21 

pattern (namely, compounds 5, 6, 12 and 13). The results obtained for these four ions 22 

including the experimental and theoretical molecular ions ([M+H]+, [M-H]-  and [M+ 23 

Na]+) as well as some observed product ions are shown in Table 2. Two of these 24 

compounds were detected in both ionization modes (compounds 5 and 6), what made 25 
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possible to obtain more information about them. Thus, it was possible to observe for the 1 

four compounds a 162 Da mass loss corresponding to a hexose. The experimental 2 

masses obtained for the product ions by substracting  hexose (C6H10O5) (M+H-3 

162.0528) agree with the masses calculated theoretically for these fragments (see Table 4 

2). Moreover, for all these compounds it was possible to identify product ions 5 

corresponding to losses of a fatty acid as well as the detection of some ions 6 

corresponding to these fatty acids. Taking into account this information as well as the 7 

accurate mass determination carried out (in most cases the error was below 4 ppm, as 8 

can be seen in Table 2), we were able to assign these compounds to monogalactosyl 9 

monoacylglycerols (MGMG) that were composed by a glycerol molecule with a fatty 10 

acid esterified and a hexose. The structure of one of these compounds (compound 5) 11 

and its fragmentation pattern is shown in Figure 2 as an example. In this spectrum, a 12 

loss of water (typical of alcohols) to give the ion with m/z 497.3068, was observed. 13 

Moreover, the most abundant ion in the spectra (m/z 353.2651), can be associated to a 14 

loss of 162 umas from the M+H ion. On the other hand, other ions, such as the one at 15 

m/z 423.2726 obtained by loss of one glycerol molecule after transesterification, allow 16 

assigning the structure of the molecule. As can be seen in the fragmentation shown in 17 

Figure 2, the product ion with m/z 423.2726 gives the ions at m/z 405.2635 and  m/z 18 

387.2512 by consecutive loss of water molecules, typical of sugars. The presence of 19 

ions at m/z 261.2197 and  243.2098 can be assigned to the acyl group and the alkyl 20 

chain of the fatty acid, therefore, confirming its presence in the molecule.  21 

The experiment of selective fragmentation of the ion at m/z 513.3 in negative ionization 22 

mode gave the following product ions:  277.2183, 253.0930 and 235.0831, which were 23 

complementary of the ions detected in positive ionisation mode (see Figure 2). Also, the 24 

ion at m/z 179.0569 was detected which confirms the anion coming from an hexose.  25 
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Therefore, the four MGMG identified differed only in the fatty acid linked to their 1 

structure. The identification of these compounds can be also found in the last column of 2 

Table 2. As it can be seen, three of the fatty acids detected in the MGMG were again the 3 

three main fatty acids found in Spirulina platensis3,29, that is, γ-linolenic, palmitic and 4 

linoleic acids in the compositions of compounds 5, 6 and 13, respectively. Although the 5 

other fatty acid, palmitoleic acid, was not detected in its free form in the PLE extract, its 6 

presence in this microalga was already known as a component of glycolipids3. These 7 

four fatty acids have been described as constituents of several polar lipids in Spirulina 8 

platensis such as monogalactosyl diacylglycerols (MGDG) and digalactosyl 9 

diacylglycerols (DGDG)18. However, to our knowledge, the compounds identified as 10 

MGMG in Table 2 have not been described in this microalga before. 11 

The remaining compounds detected by HPLC-QTOF-MS and still not identified 12 

(namely, 1, 8, 9, 10 and 11), did not follow the same fragmentation pattern and did not 13 

seem to possess in their composition a hexose linked to one of the carbons of the 14 

glycerol backbone. Nevertheless, in all the five mentioned compounds, mass losses 15 

corresponding to fatty acids were also observed, indicating their lipidic nature. Among 16 

these five compounds, the fragmentation pattern found for three of them, namely, 17 

compounds 1, 8 and 11, was very similar and suggested the presence of phosphorous in 18 

their structure (even considering its low intensity (0.1-0.2 % ), the presence of the ion at  19 

m/z 79 detected in the mass spectrum could be attributed to a  PO3
- ion; see Figure 3). 20 

The elucidation of their structure was carried out as described below. In Table 3, the 21 

more probable molecular formulae for the product ions  detected from the ion [M-H]- 22 

=761.4975 (compound 8) are shown. To simplify, the fragments containing an even 23 

number of nitrogen atoms have been removed from the table given the limited 24 

probability to find lipids with two nitrogen atoms in their structure. As it is shown in 25 
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this table, it was possible to observe several product ions  whose molecular formula 1 

matched the fatty acids palmitic (fragment h, error -0.4 ppm) and hydroxy-2 

octadecadienoic (fragment g, error 3.7 ppm). At the same time, it was possible to 3 

identify the fragments generated by lost of these fatty acids, namely, fragments d and b 4 

with errors of 6.0 and 3.8 ppm, respectively. On the other hand, it was possible to 5 

identify the fragment k as phosphite ion (error= -1.3 ppm). These identifications led us 6 

to consider that these compounds could be phosphatidylglycerols formed by a glycerol 7 

backbone with one or two fatty acids esterified and a phosphatidic acid molecule with a 8 

glycerol linked. The presence of this type of compounds in Spirulina platensis has 9 

already been described by Cohen30 what seems to corroborate even further the proposed 10 

structure. Moreover, the presence of hydroxy-substituted fatty acids has been described 11 

in other algae species31. Besides, this possible structure perfectly fitted with the 12 

molecular formulae proposed for these three compounds and explained the composition 13 

of most of the fragments found. Moreover, their identification could be confirmed based 14 

on the fragmentation pattern (Figure 3) where the proposed molecule together with its 15 

MS/MS spectrum and fragmentation pattern are given. Thanks to the fragmentation 16 

obtained, the relative position of the two fatty acids could be established. The presence 17 

of the ion at m/z 171 could indicate that the two acids are positioned on the same 18 

molecule of glycerol as it was already suggested. Besides, the palmitic acid should be in 19 

the sn-1 position of the glycerol backbone because of the intensity of the ion at m/z 255 20 

in the MS/MS spectrum, since when this ion is formed a cycle of six members could be 21 

established with the phosphate ion (see Figure 3, generation of the fragment h). 22 

 As it was mentioned above, these three compounds 1, 8 and 11 possessed a similar 23 

structure differing only in the fatty acids linked to the glycerol backbone. Specifically, 24 
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compound 1 possesses palmitic acid; compound 8 contains palmitic and hydroxy-1 

octadecadienoic acids; and compound 11 contains palmitic and linoleic acids.  2 

The two compounds that remained unidentified, compounds 9 and 10, did not present a 3 

fragmentation pattern typical of phosphatidylglycerols. However, it was possible to 4 

observe once again fragments corresponding to fatty acids and their respective mass 5 

losses (see Table 4). Therefore, the nature of these polar lipids was further investigated. 6 

In a reference from 200218, the authors detected in Spirulina platensis some polar lipids 7 

containing sulphur. However, the method developed to confirm the nature of these 8 

compounds was very laborious and time consuming. In the present work we proposed a 9 

faster and more powerful analytical procedure to characterize this type of compounds in 10 

real samples.  11 

Sulfoquinovosyl diacylglycerols are composed by a glycerol backbone with two fatty 12 

acids esterified and an hexose in the third position of the glycerol backbone with an 13 

additional SO3 group in its structure. Several functional activities have been described 14 

for these compounds thus increasing their interest6,32,33. Interestingly, as will be next 15 

described, the two remaining compounds (compounds 9 and 10) present fragmentation 16 

patterns matching this kind of structure. Also, some of the ions detected at low m/z 17 

showed isotopic distributions that could be correlated to the presence of S (ions at m/z 18 

94.9748, 134.9716, 164.9844). As above, only the fragmentation pattern of the 19 

compound 9 ([M-H]-=817.5117) and the more probable molecular formulae of the 20 

product ions found are shown in Table 4, since similar behaviour was observed for 21 

compound 10. Also, the proposed molecular structure for compound 9 together with its 22 

MS/MS spectrum and fragmentation pattern are given in Figure 4.  These two 23 

compounds 9 and 10 were identified as sulfoquinovosyl diacylglycerols that showed  24 

different fatty acids esterified in their structure. Thus, compound 9 contained palmitic 25 
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and linoleic acids while compound 10 possessed palmitic and palmitoleic acids linked 1 

to the glycerol backbone. Besides, as it can be observed in Table 4 and Figure 4, using 2 

the molecular structure and fragmentation pattern proposed it was possible to correctly 3 

assign the different product ions observed. For example, it was possible to identify 4 

product ions corresponding to two fatty acids (product ions e and f in Table 4 with 5 

errors of –1.1 and –0.4 ppm, respectively) as well as the fragments resulting of the 6 

losses of these fatty acids (fragments b and c with errors of 5.0 and –2.4 ppm, 7 

respectively). Moreover, other fragments indicating the presence of sulphur could be 8 

identified, although in this case it was necessary to increase the error tolerance (product 9 

ion g with an error higher than 10 ppm. Nevertheless, it should be considered that errors 10 

of 2-3 mDa at so low m/z values are perfectly acceptable and allow identifying the 11 

molecule structure). The ion at  m/z 225  (most intense peak in the spectrum, product 12 

ion g) could be formed by an attack of the sulfonic acid to the anomeric carbon of the 13 

hexose backbone to form a six members ring (see Figure 4). From this product ion, a 14 

loss of water would give the ion at m/z 206.9967 (h) from which, via ketene (CH2=CO) 15 

elimination, the ion at m/z 164.9853 would be formed. The ion at m/z 134.9744 (j) 16 

would be obtained via glycosidic ring opening.  17 

In summary, Table 5 shows the complete identification of the 13 compounds detected in 18 

Spirulina platensis and analyzed by HPLC-QTOF-MS in this work, including four free 19 

fatty acids, four monogalactosyl monoglycerols, three phosphatidylglycerols and two 20 

sulphoquinovolsyl diacylglycerols. 21 

 22 

4. CONCLUSIONS. 23 

 24 
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In this work, the ability of HPLC-QTOF-MS to characterize the lipid fraction of 1 

complex natural samples (namely, Spirulina platensis ethanolic extract obtained by a 2 

green technique as PLE) in a fast and easy way has been shown. The separation 3 

provided by HPLC combined with the high mass accuracy and MS/MS capability of 4 

QTOF-MS made possible the direct identification of four free fatty acids and nine polar 5 

lipids in this complex matrix without any further sample pre-treatment. Considering the 6 

very laborious procedures typically used to characterize this type of compounds from 7 

natural samples, it can be foreseen that the combined use of PLE and HPLC-QTOF-MS 8 

can be an impressive alternative to obtain and characterize natural ingredients with 9 

biological activity from complex matrices.  10 
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FIGURE LEGENDS. 1 

 2 

Figure 1. Chromatograms obtained from the HPLC-QTOF-MS analysis of a selected 3 

ethanolic PLE extract obtained from Spirulina platensis, using the UV detector at 280 4 

nm (A), and the ESI-QTOF-MS detector in negative (B) and positive (C) ionization 5 

modes. For other analytical conditions see text. 6 

 7 

Figure 2. Chemical structure and proposed fragmentation pattern in both ionization 8 

modes of the compound 5 identified as a monogalactosyl monoacylglycerol (MGMG) 9 

containing γ-linolenic acid and its MS spectrum in positive ionization mode. 10 

 11 

Figure 3. Chemical structure, proposed fragmentation pattern and MS/MS spectrum of 12 

the compound 8, identified as a phosphoglycerol esterified with a palmitic acid and a 13 

hydroxy octadecadienoic acid. The letters corresponds to the fragments of Table 3. 14 

 15 

Figure 4. Chemical structure, proposed fragmentation pattern  and MS/MS spectrum  of 16 

the compound 9, identified as a sulphoquinovosyl diacylglycerol (SQDG) esterified 17 

with palmitic and linoleic acids, and formation proposed for the ion [M-H]-=225 for this 18 

compound. The letters corresponds to the fragments of Table 4. 19 



 19

Table 1. Free fatty acids identified in the ethanolic PLE extract. 1 

IDa) Me-H (Da) Mt-H (Da) Formula (–H) Error ppm dbe Identification 

2 277.2178 277.2162 C18H29O2 5.8 4.5 γ-linolenic acid 

3 279.2336 279.2318 C18H31O2 6.4 3.5 Linoleic acid 

4 255.2313 255.2318 C16H31O2 -2.0 1.5 Palmitic acid 

7 283.2652 283.2631 C18H35O2 7.4 1.5 Stearic acid  
a) Identification numbers correspond to those used in Figure 1. 2 

Me: Experimental mass; Mt: Theoretical mass. 3 

 4 



 20

Table 2. Monogalactosyl monoglycerides identified in the investigated Spirulina 1 

platensis PLE extract. Experimental mass, theoretical mass, probable molecular 2 

formulae and error (ppm) for the different MGMG detected.  Other complementary ions 3 

that confirmed the identification are also shown. 4 

 5 

ID Parameter M+H M+Na M+H-
162.0528 

M-H Fatty 
acid 
(FA) 

M-H-FA Compound 

5 Experimental 
mass 

515.3221 537.2995 353.2651 513.3099 277.2183 235.0830 

 Theoretical 
mass 

515.3214 537.3034 353.2686 513.3058   

 Molecular 
formula 

C27H47O9 C27H46O9Na  C27H45O9   

 Error (ppm) 1.2 7.2  7.9   

γ-linolenic 
+ hexose + 
glycerol 

6 Experimental 
mass 

493.3390 515.3200 331.2861 491.3225 255.2369 235.0874 

 Theoretical 
mass 

493.3371 515.3190 331.2843 491.3214   

 Molecular 
formula 

C25H49O9 C25H48O9Na  C25H47O9   

 Error (ppm) 3.8 1.9  2.1   

Palmitic + 
hexose + 
glycerol 

12 Experimental 
mass 

491.3210 513.3016 329.2682    

 Theoretical 
mass 

491.3214 513.3016 329.2686    

 Molecular 
formula 

C25H47O9 C25H46O9Na     

 Error (ppm) -0.8 -3.5     

Palmitoleic 
(C16:1) + 
hexose + 
glycerol 

13 Experimental 
mass 

517.3391 539.3174 355.2842    

 Theoretical 
mass 

517.3371 359.3190 355.2843    

 Molecular 
formula 

C27H49O9 C27H48O9Na     

 Error (ppm) 3.8 -3.0     

Linoleic 
(C18:2) + 
hexose + 
glycerol 

 6 
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Table 3. More probable molecular formulae for the compound 8 ([M-H]-= 761.4975) 1 

and product ions derived from it. For fragmentation pattern and chemical structures see 2 

text and Figure 3.  3 

M-H Experimental 
mass 

 (Intensity) 

Molecular 
formulae 

Theoretical 
mass 

Error (ppm) Product ion 

761.4975      
CE= -45 eV C40H74O11P 761.4974 0.1 a 

C47H69O8 761.4997 -3.0  

C54H65O3 761.4939 4.7  
C47H70O6P 761.4915 7.9  

761.4975 
(76.8%) 

C36H73O16 761.4904 9.3  
C31H39O7 523.2701 -0.8  523.2697 

(8.7%) C24H44O10P 523.2677 3.8 b 
C24H42O9P 505.2571 4.0 c 
C31H37O6 505.2506 8.9  
C38H33O 505.2536 3.0  

505.2551 
(8.5%) 

C31H38O4P 505.2513 7.5  
C29H39O6 483.2752 1.0  483.2757 

(1.8%) C22H44O9P 483.2728 6.0 d 
C22H42O8P 465.2622 -4.1 e 
C29H37O5 465.2646 -9.2  

465.2603 
(2.8%) 

C36H33 465.2587 3.4  
C21H36O7P 431.2207 0.0 f 431.2207 

(12.5%) C28H31O4 431.2227 -4.6  
295.2289 
(31.4%) 

C18H31O3 295.2278 3.7 g 

277.2197 
(3%) 

C18H29O2 279.2173 8.6  

255.2328 
(100%) 

C16H31O2 255.2329 -0.4 h 

171.0051 
(2.4%) 

C3H8O6P 171.0064 7.6 i 

152.9945 
(13%) 

C3H6O5P 152.9958 -8.5 j 

 

78.9589 
(0.2%) 

PO3 78.9590 -1.3 k 

 4 

 5 

 6 

 7 
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Table 4. More probable molecular formulae for the compound 9 ([M-H]-=817.5117) 1 

and product ions derived from it. For fragmentation pattern  and chemical structures see 2 

text and Figure 4. 3 

M-H Experimental 
mass (intensity) 

Molecular 
formulae 

Theoretical 
mass 

Error (ppm) Product 
ion 

817.5117 
( CE = -70 eV) 

     

C47H79O5P2S 817.5128 -1.3  
C43H77O12S 817.5141 -2.9 a 
C43H79O10P2 817.5153 -4.4  

817.5117 
(33.8%) 

C50H74O7P 817.5177 -7.3  
C34H42O5P 561.2775 -1.4  
C27H47O8P2 561.2751 2.8  
C27H45O10S 561.2738 5.0 b 

561.2767 
(11.3%) 

C31H47O3P2S 561.2726 7.3  
C29H47O3P2S 537.2726 0.2  
C25H45O10S 537.2738 -2.4 c 
C25H47O8P2 537.2751 -4.8  

537.2725 
(19.8%) 

C32H42O5P 537.2775 -9.3  
C9H15O8S 283.0493 -1.4 d 

C13H17OP2S 283.0480 3.2  
283.0489 
(1.9%) 

C9H17O6P2 283.0505 5.6  
279.2326 
(5.8%) 

C18H31O2 279.2329 -1.1 e 

255.2330 
(6.1%) 

C16H31O2 255.2329 -0.4 f 

C9H5O7 225.0040 2.7  
C10H11P2S 225.0062 -7.1  
C13H7P2 225.0028 8.0  

225.0046 
(100%) 

C6H9O7S 225.0069 10.2 g 
C6H7O6S 206.9968 -0.5 h 206.9967 

(13.9%) C6H9O4P2 206.9981 7.7  
164.9853 
(51.4%) 

C4H5O5S 164.9863 -6.0 i 

152.9842 
(25.5%) 

C6HO5 152.9829 8.5  

C3H3O4S 134.9757 -9.6 j 134.9744 
(14.7%) C3H5O2P2 134.9770 -19.2  

125.0235 
(11.8%) 

C6H5O3 125.0244 7.2  

CH3O3S 94.9808 -27.3 k 
CH5OP2 94.9821 -41.1  

94.9782 
(6.6%) 

CH4OPS 94.9725 60.0  
HO3S 80.9651 -20.9 l 
H3OP2 80.9664 -37  

80.9634 
(29%) 

H2OPS 80.9569 80.2  

 

71.0138 
(4%) 

C3H3O2 71.0138 0.0 m 

 4 

 5 
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 Table 5. Compounds identified in the Spirulina platensis PLE extract by HPLC-1 

QTOF-MS. PG: phosphatidyl glycerols; MGMG: monogalactosyl monoacylglycerols; 2 

SQDG: suphoquinovosyl diacylglycerols.  3 

ID [M –H]- [M +H]+ Retention 
time (min) 

Type of compound 

1 483.2731  16.43 PG: phosphatidic acid + glycerol + palmitic acid 
2 277.2178  16.75 Free fatty acid: linolenic acid 
3 279.2336  18.03 Free fatty acid: linoleic acid 
4 255.2313  19.02 Free fatty acid: palmitic acid 
5 513.3099 515.3221 20.10 MGMG: hexose + glycerol + γ-linolenic acid 
6 491.3225 493.3390 22.30 MGMG: hexose + glycerol + palmitic acid 
7 283.2652  22.72 Free fatty acid: stearic acid 
8 761.4975  22.72 PG: phosphatidic acid + glycerol + palmitic acid + 

hydroxy octadecanoic acid 
9 817.5117  24.56 SQDG: hexoxe-SO3 + glycerol + palmitic acid + 

linoleic acid 
10 791.4977  24.56 SQDG: hexoxe-SO3 + glycerol + palmitic acid + 

palmitoleic acid 
11 745.4992  25.60 PG: phosphatidic acid + glycerol + palmitic acid + 

linoleic acid 
12  491.3210 20.65* MGMG: hexose + glycerol + palmitoleic acid 
13  517.3391 21.73* MGMG: hexose + glycerol + linoleic acid 

* retention time in positive ionization mode. 4 
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Figure 1. 2 
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Figure 2. 2 
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Figure 3. 2 
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Figure 4. 2 


