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ABSTRACT 

Gas chromatography coupled to a quadrupole time-of-flight mass analyzer (QTOF) with 

an atmospheric pressure chemical ionization (APCI) source has been tested to study the 

ionization and mass spectrometric behavior of long-chain and very long-chain 

polyunsaturated fatty acids (LC-PUFAs, C18–24; VLC-PUFAs, >C24). The protonated 

molecule ([M+H]+), measured at accurate mass, became the base peak of the spectrum 

for all the studied compounds and was promoted by the addition of water into the source. 

This fact overcame the existing difficulties for the identification of VLC-PUFAs when 

using an electron ionization source (EI). The extensive fragmentation of PUFAs in this 

source is the main drawback due to the fact that since reference standards are not 

commercially available, final identification relies on retention time estimation. The 

application of GC-APCI-QTOF to the screening of lipid extracts from the eyes of 

different fish species added confidence to the identification of several VLC-PUFAs. 

Further investigation of ion ratios allowed to predict the position of key double bonds 

enabling the classification of VLC-PUFAs as w3 or w6 compounds. VLC-PUFAs spectra 

found in biological samples were compared to those obtained from corresponding peaks 

found in heterologous expression experiments of fish’s Elovl4. 
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1. INTRODUCTION 

Fatty acids (FAs), besides being a source of energy, are essential compounds involved in 

different physiological and metabolic processes, like cell membrane formation or signal 

transduction, that ensure the correct cellular functioning [1]. Among FAs, certain long-

chain (C18-24) polyunsaturated fatty acids (LC-PUFAs) including arachidonic acid 

(20:4ω6), eicosapentaenoic acid (20:5ω3) and docosahexaenoic acid (22:6ω3) play 

pivotal roles in inflammatory response and function and in development of the central 

nervous system [2]. Several studies have demonstrated the influence of LC-PUFAs in 

neural development, neurodegenerative diseases, and visual system in mammals [3,4].  

Besides, the very long-chain (>C24) polyunsaturated fatty acids (VLC-PUFAs), 

biosynthesized in vertebrates by FA elongase enzymes such as Elovl4 [5], have been 

regarded as essential for cognitive development, retinal function and reproductive 

processes [6–10]. Consequently, VLC-PUFAs are typically found in low concentrations 

in specific lipid classes such as phosphatidylcholine (PC), sphingomyelin and ceramides 

in brain, retina and gonads of vertebrates [11], and their importance has been related to 

their structure combining a proximal carboxylic region similar to saturated FAs and a 

distal region with PUFA character [8]. In addition to being present in specific lipid classes 

from certain tissues in very small amounts compared to their shorter chain counterparts, 

the lack of standards and references in mass spectrometry libraries have involved an 

analytical challenge for their determination and characterization. 

Liquid and gas chromatography (LC and GC) coupled to mass spectrometry (MS) have 

been the techniques chosen to carry out both quantitative and qualitative analysis. On the 

one hand, LC-MS techniques based on electrospray ionization (ESI) or atmospheric 

pressure chemical ionization (APCI) have been commonly applied for the analysis of lipid 
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species containing VLC PUFAs [8]. To achieve this, LC in normal and reversed phase 

are used but long chromatographic runs are required to achieve good chromatographic 

separation between polar species [12,13]. In order to facilitate the quantitative analysis of 

total VLC-PUFAs, hydrolysis must be performed leading to LC-ESI-MS in negative-ion 

mode the required technique. However, the drawbacks of low specificity in the negative-

ion MS detection mode and requirement of the post-column addition of a cationizating 

agent after acidic chromatographic separation have hindered a simple way of FA analysis. 

Thus, derivatization of FA must be finally applied to facilitate their analysis by LC-ESI-

MS in positive-ion mode [14].  

On the other hand, while a derivatization step is also required, GC is the most frequently 

used technique in this field. To improve the separation performance, comprehensive two 

dimensional gas chromatography (GC×GC) has also been applied to clarify the identity 

of fatty acid isomers [15]. Although selective GC stationary phases like polyethylene 

glycols or cyanopropyl silicones (medium-high polarity) are widely applied for the 

analysis of FAMEs (C < 24), for the study of VLC-PUFA 5%-(phenyl)-

methylpolysiloxane columns are more convenient as the applicable upper temperature 

limit (350ºC) is higher than the selective ones (260ºC). Under these conditions, VLC-

PUFA (C > 24) can be analyzed avoiding column degradation. GC-MS with electron 

ionization (EI) is frequently applied for the analysis of VLC-PUFAs [16] since it provides 

complete information about the fragmentation patterns of FA derivatives. Among others, 

methyl esters (FAMEs) are commonly used in FA analysis [17]. However, the extensive 

fragmentation of FAMEs in EI source involves the partial or total loss of the highly 

diagnostic molecular ion (M+•) and generates the same EI spectra for unsaturated FAMEs 

(ω6 or ω3) with different chain length [18]. This fact, together with the absence of 

reference standards, hinders the identification process of VLC-PUFAs. In this context, 
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APCI combined with GC-MS instruments has revealed as a useful alternative to EI. As it 

has been demonstrated in several fields [19–24], the soft and universal ionization in this 

source provides abundant M+• and/or [M+H]+ in the mass spectra, thus substantially 

improving the identification capability, as well as enhancing sensitivity and selectivity 

for the detection of analytes in the samples [25,26]. Under these circumstances, the use 

of GC-APCI-QTOF MS will add confidence to the identification of VLC-PUFA. 

Since their detection in bovine retinas by Aveldaño et al. in 1987 [27], the study of VLC-

PUFAs has been mainly focused on mammals [9,11,12,28,29]. However, the detection 

and characterization of these compounds in fish has been scantily studied despite being 

the main source of ω3 LC-PUFAs in human’s diet [30]. Studies in fish have focused on 

elucidating the molecular mechanisms underlying the biosynthesis of VLC-PUFAs, 

particularly the roles that elongase enzymes such as Elovl4 play in these metabolic 

pathways [2,31]. 

The aim of this work is the development of a reliable analytical methodology for detection 

and identification of VLC-PUFAs, for which no commercially available standards exist, 

in the PC fraction of lipid extracts from the eyes of different fish species. The potential 

of GC-APCI-QTOF MS to provide accurate mass measurement of intact M+• and/or 

[M+H]+, was considered to add confidence in the identification step. For this purpose, a 

range of commercially available saturated and polyunsaturated LC-PUFA methyl esters 

were analyzed by GC-APCI-QTOF MS and their ionization and fragmentation behavior 

was studied. Additionally, relationships between the fragmentation patterns and FAME 

structures have been studied in order to differentiate ω3 from ω6 VLC-PUFAs’ series 

without the need of reference standards. As a final step, in order to confirm the identity 

of detected compounds, heterologous expression experiments were carried out. To the 
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best of our knowledge, GC-APCI-QTOF MS has not been applied for the determination 

of VLC-PUFA methyl esters yet. 

 

2. EXPERIMENTAL 

2.1 Standard compounds, solvents and reagents 

Methyl stearate (18:0-ME), methyl arachidate (20:0-ME), methyl behenate (22:0-ME) 

and methyl tetracosanoate (24:0-ME) standards were purchased from Fluka (Zwijndrecht, 

The Netherlands). Methyl hexacosanoate (26:0-ME), methyl octacosanoate (28:0-ME) 

and methyl triacontanoate (30:0-ME) standards were purchased from Dr. Ehrenstorfer 

(Augsburg, Germany). Arachidonic acid methyl ester (20:4ω6-ME), cis-5,8,11,14,17-

eicosapentaenoic acid methyl ester (20:5ω3-ME), cis-7,10,13,16-docosatetraenoic acid 

methyl ester (22:4ω6-ME), cis-7,10,13,16,19-docosapentaenoic acid methyl ester 

(22:5ω3-ME), cis-4,7,10,13,16,19-docosahexaenoic acid methyl ester (22:6ω3-ME), 

20:4ω3-ME, 22:4ω3-ME, and 24:5ω3 standards were purchased from Supelco 

(Bellefonte, PA, USA). 

Stock solutions (around 500 µg mL-1 and 1 µg mL-1 for 24:0-ME and 26:0-ME) were 

prepared by dissolving solid reference standards in hexane or by diluting reference 

standard solutions in hexane and subsequently stored in a freezer at -20 ºC under a N2 

atmosphere. Working solutions were prepared by diluting stock solutions in hexane.  

Hexane (ultra-trace quality) was purchased from Scharlab (Barcelona, Spain). 

Chloroform (CHCl3), diethyl ether and toluene were purchased from Merck Millipore 

(Darmstadt, Germany). Methanol (MeOH) was purchased from VWR (Radnor, PA, 

USA). Sulfuric acid, glacial acetic acid and potassium chloride (KCl) were purchased 

from Panreac (Castellar del Vallés, Barcelona, Spain). Iodine and butylated 

hydroxytoluene (BHT, content >99%), used as antioxidant, were purchased from Sigma 
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Aldrich (St. Louis, MO, USA). All reagents were analytical grade. HPLC-grade water 

was obtained by purifying double distilled water in a Milli-Q Gradient A10 system 

(Millipore, Bedford, MA, USA). 

 

2.2 Samples 

Fish eyes 

Twelve eyes from adult specimens of fish species including the European seabass (2), 

gilthead seabream (1), Atlantic salmon (1) and Senegalese sole (8) were dissected and 

cleaned from other tissues. Next, the crystalline lens was removed and stored at -20 ºC 

for further treatment. 

 

Elongated fatty acids by Elovl4 protein 

Further biological samples containing VLC-PUFAs were generated by expressing the 

coding region of the Atlantic salmon Elovl4 in yeast Saccharomyces cerevisiae which 

was grown in the presence of one of the following polyunsaturated fatty acid (PUFA) 

substrates: 20:4ω3, 22:4ω6, 22:5ω3, 22:6ω3, 24:5ω3. A previous study confirmed that 

the Atlantic salmon Elovl4 could efficiently elongate some of these PUFA substrates to 

produce polyenes up to 36 carbons [32]. After 48 h, yeast samples were harvested and 

washed twice with double distilled water and kept at -20 ºC until further treatment [32]. 

Given that Elovl4 enzymes add 2-carbon units to FA substrates [33], all these PUFA 

substrates provided a set of step-wise elongation products that could be easily identified 

in the chromatogram since both FA substrates and products are absent in yeast.  

 

2.3 Sample treatment 
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Total lipids were extracted according to the method of Folch et al. [34]. Briefly, samples 

(fish eyes and yeast) were homogenized in CHCl3:MeOH (2:1, v/v) with BHT (0.01%, 

w/v). After addition of 0.25 % (v:v) aqueous solution of KCl (0.88%, w/v), the lower 

organic phase was filtered (70 µm Whatman filter paper), evaporated to dryness under a 

stream of nitrogen and kept in desiccator overnight. The extracts were then weighed to 

determine the total amount of lipids, redissolved in CHCl3:MeOH (2:1) (10 mg/ml) and 

stored at -20 °C. 

Phospholipid classes were separated following the method developed by Olsen et al. [35] 

consisting in 20 cm × 20 cm TLC plates (Silica gel G 60 (Merck, Darmstadt, Germany) 

run in a polar solvent system of methyl acetate:isopropanol:CHCl3:MeOH:0.25% (w/v) 

KCl (25:25:25:10:9 by volume). A well known Artemia nauplii extract [36] run in parallel 

to the samples allowed the location of the PC fraction on the plates after using a 1% (w/v) 

iodine solution in CHCl3 for lipid dying. PC spots were scrapped off and submitted to 

acid-catalyzed transesterification [37]. Resulting fatty acid methyl esters (FAMEs) were 

stored at -20 °C in hexane/BHT (0.01%) under nitrogen, until chromatographic analysis. 

 

2.4 Instrumental 

GC-APCI-(Q)TOF MS 

An Agilent 7890 N gas chromatograph (Palo Alto, CA, USA) equipped with an Agilent 

7683 autosampler was coupled to a quadrupole orthogonal acceleration time-of-flight 

mass spectrometer, Xevo G2 QTOF (Waters Corporation, Manchester, UK), operated in 

APCI mode. A fused silica HP-5MS capillary column with a length of 30 m × 0.25 mm 

i.d. and a film thickness of 0.25 µm with a 1 m × 0.25 mm i.d. deactivated post-column 

(J&W Scientific, Folson, CA, USA) was used for GC separation. The oven temperature 

was programmed as follows: 60 ºC (1 min); 40 ºC/min to 180ºC; 10 ºC/min to 320 ºC (4 
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min). Pulsed splitless (30 psi) injections of 1 µL were carried out at 280 ºC with a splitless 

time of 1 min. Helium 99.999% (Praxair, Spain) was used as carrier gas at a flow of 2 mL 

min-1. 

The interface and ionization source temperatures were set to 320 ºC and 150 ºC, 

respectively. N2 was used as auxiliary gas at 175 L h-1, as cone gas at 25 L h-1 and as 

make-up gas at 300 mL min-1. The APCI corona discharge pin was operated at 1.2 µA 

and the cone voltage was set to 20 V.  

The QTOF was operated at 2.5 spectra s-1 acquiring the mass range m/z 50–650. The TOF 

MS resolution was approximately 15,000 (FWHM) at m/z 264. Acquisition was done in 

MSE mode in which two alternating acquisition functions with different collision energies 

were generated: the low-energy (LE) function, selecting a collision energy of 4 eV to 

avoid or minimize fragmentation, and the high-energy (HE) function, with a collision 

energy ramp ranging from 25 to 40 eV to obtain a greater range of fragment ions.  

Perfluorotributylamine (Sigma Aldrich, Madrid, Spain) was used for the daily mass 

calibration. Internal calibration was performed using a background ion from the GC-

column bleed as lock mass (protonated molecule of hexamethylcyclotrisiloxane, m/z 

223.0642). 

In order to work under proton transfer conditions, an uncapped vial containing water was 

placed in a designed holder into the APCI source door to enhance protonation. MS data 

were acquired in centroid mode and processed by the ChromaLynx XS application 

manager (within MassLynx v4.1; Waters). Mass-Fragment software (Waters) was used 

for mass spectra interpretation.  

 

3. RESULTS AND DISCUSSION 

3.1 Ionization behavior of FAMEs 
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The ionization behavior was tested using all commercially available FAME standards 

with a focus on their differences in the degree of unsaturation and position of the last 

double bond: saturated (18:0-ME, 20:0-ME, 22:0-ME,24:0-ME, 26:0-ME, 28:0-ME and 

30:0-ME) and unsaturated (20:4ω3-ME, 20:4ω6, 20:5ω3-ME, 22:4ω3-ME, 22:4ω6, 

22:5ω3-ME, 22:6ω3-ME, and 24:5ω3-ME). As it has been described in previous studies, 

two ionization mechanisms can take place simultaneously in the APCI source: charge 

transfer promoting the formation of M+• and/or protonation [38]. In many cases, 

protonation is directly produced by the water traces present in the N2 supply. However, it 

can be enhanced using protic solvents as modifier [20]. Some experiments regarding 

analyte ionization were made in order to evaluate the effect of the addition of modifiers 

in the source.  

Despite no protic modifier was initially added into the source, the protonated molecule 

[M+H]+ was the base peak in the spectrum for all analytes. For saturated FAMEs, the 

molecular ion M+• was also formed from 39 to 86%, showing a higher tendency of 

protonation when the number of carbon atoms decreased (see Figure 1a up). In the case 

of ω3 and ω6 FAMEs, M+• was generated from 40 to 75% and 23 to 71%, respectively, 

showing a higher tendency of protonation when the number of carbon atoms decreased 

and the unsaturation degree increased (see Figure 1b-c up) 

Taking into account the proneness of FAMEs to protonation, a subsequent experiment 

using water as modifier in the source was carried out. In this way, the proton transfer 

mechanism was enhanced, decreasing the relative abundance of M+• (Figure 1 down). 

M+• still appeared in the spectra, but only in a percentage among 7-10% for saturated 

FAMEs (with the same protonation tendency as for charge transfer conditions), 8-12% 

for ω6 and 7-9% for ω3 FAMEs showing higher protonation affinity of the smallest 

FAMEs with highest degree of unsaturation. Therefore, because of both the better 
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sensitivity of protonated molecule and higher spectral purity, it was decided to use water 

as modifier for further experiments. 

As a consequence of the soft ionization character of the APCI source, low in-source 

fragmentation of FAMEs was observed if compared with their corresponding EI spectra 

taken from NIST library. As it has been reported in other studies, EI spectra of saturated 

FAMEs are dominated by the ion with m/z 74 [CH2C(OH)OCH3]+• resulting from a 

McLafferty rearrangement (Figure 2a), whereas the ion with m/z 79 [C6H7]+ is usually 

the base peak in mass spectra of FAMEs with three or more methylene-interrupted double 

bonds (Figure 2c) [17]. Exploring the APCI spectra of saturated FAMEs, no in-source 

fragment ions were observed. Thus, [M+H]+ is completely preserved (Figure 2b). 

Regarding polyunsaturated ω6 and ω3 FAMEs, all of them exhibited [M+H-CH3OH]+ in-

source fragments with relative abundances between 4-11% and 2-6%, respectively. In 

addition, less abundant [M+H-CH3OH-H2O]+ fragments were also found for all 

polyunsaturated FAMEs (Figure 2d). 

 

3.2 Fragmentation behavior of FAMEs 

FAMEs share a common methyl ester group. The oxygen atoms are the only structural 

features with lone electron pairs, thus being the most feasible sites for protonation. Taking 

into account the proton affinity of the carbonyl and methyl ether groups, the expected 

protonation site would be the oxygen atom of the carbonyl function. However, the degree 

of unsaturation plays an important role in ionization/fragmentation behavior, as is 

described below. 

 

3.2.1 Group I. Saturated FAMEs 
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All saturated FAMEs showed [M+H]+ as the base peak of the spectrum at LE due to the 

protonation of the carbonyl function. At HE conditions, the spectra are characterized by 

the presence of the ion with m/z 103.0759 (C5H11O2+) as the base peak, with a subsequent 

neutral loss of HCOOH producing the fragment ion with m/z 57.0704 (C4H9+). For this 

class of compounds, although being unusual, apparently charge-remote fragmentation 

occurs and series of C2nH4n losses from the hydrocarbon chain are observed. 

 

3.2.2 Group II. ω6 and ω3 FAMEs 

All ω6 and ω3 FAMEs showed a common fragmentation pathway showing fragment ions 

with the same m/z, irrespective the ω6 or ω3 character. After studying it at the HE 

function, none of the fragment ions by itself was specific for either the ω3 or the ω6, as 

in most cases only abundance differences seemed to be observed. This constitutes an 

inconvenience in the characterization of VLC-PUFAs for which no reference standards 

are (commercially) available. The presence of the [M+H]+ in the LE spectrum together 

with the fragmentation information of the HE spectrum allows to tentatively identify the 

VLC-PUFA in terms of carbon chain length and the degree of unsaturation. At this point, 

it was considered to use of abundance ratios to distinguish between the ω6 and ω3 

compounds. For that, all the spectral information available for the commercial reference 

standards was used to create a data matrix that contained the abundance for each m/z ion. 

Data were normalized to the ion with m/z 121 which was the base peak of spectrum from 

the 22:4w3 and 22:4w6. Inverse values were then calculated in order to work with values 

above 1. Among them, there were standards with different chain lengths (C20-C24) and 

different degrees of unsaturation (4, 5 and 6) for ω3 while only C20 and C22 with a degree 

of unsaturation of 4 were available for ω6. 
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Firstly, considering a completely unbiased analysis, a principal component analysis 

(PCA) was applied over the training data matrix. Figure 3a illustrates the PCA obtained 

in which a rough distinction between ω3 and ω6 can be appreciated. The next step 

consisted in performing an orthogonal partial least squares-discriminant analysis (OPLS-

DA), which considers additional information about the two groups during classification. 

Thus, an OPLS-DA was applied to construct a statistical model that highlight differences 

in ion ratios between the two groups. As it can be seen, the OPLS-DA analysis separated 

the two groups of samples. For this purpose, an S-Plot graphic for ω3 vs ω6 was obtained 

(Figure 3b) and studied looking for endpoints. Theoretically, in an S-Plot the points with 

a p-corr value between 0.9 and 1 are closely related to the compounds characterizing the 

samples of one group, which constitute important class markers. According to this, only 

one marker (ion ratio for the ions with m/z 121 and 163) was selected. Returning to the 

data, we could observe that w3 compounds used for the model construction presented ion 

ratios in the range of 4-10 while w6 were found to be in the range of 17-24. Thus, this 

ion-ratio procedure was used for further experiments. 
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3.3 Analysis of adult fish eyes samples 

The system (GC-APCI-QTOF MS in MSE mode) was used for the eye extracts analysis. 

Data were processed using ChromaLynx XS software in combination with a homemade 

compound database that contained the elemental composition, retention time and 

fragments information previously obtained from the study with commercially available 

reference standards (C20-C22). Additionally, this database was extended with those 

FAMEs reported in the literature, mainly VLC-PUFAs for which reference standards 

were not commercially available (C24-C34), and whose reliable identification is 

considered an additional value given by GC-APCI-QTOF MS. The ChromaLynx XS 

application manager obtained eXtracted Ion Chromatograms (XICs) at LE and HE 

functions (0.02 Da window) for m/z values corresponding to the theoretical exact masses 

of the protonated molecules and the fragments (if known), respectively. 

Table 1 summarizes the positive findings of FAMEs detected in the fish eye samples 

analyzed from the different species. Detection was initially based on the presence of 

[M+H]+ in the LE function. Further investigation of fragment ions from the HE function 

together with the application of the ion-ratio procedure developed allowed their tentative 

identification. As an example, Figure 4 illustrates the detection and tentative 

identification of 32:6w3-ME in a gilthead sea bream eyes sample by GC-APCI-QTOF 

MS. The protonated molecule of 32:6-ME with m/z 483.4197 (C33H55O2+) was detected 

in the LE function with a mass error of 1.0 ppm. As the reference standard was not 

available, chemical structures for the most abundant fragment ions were suggested based 

on their accurate masses, using the Mass-Fragment software. All structures proposed for 

the fragments were compatible with the chemical structure of 32:6-ME making the 

identification even more reliable. At this point, the ion-ratio procedure developed was 

applied in order to decide whether it was w3 or w6. The ratio of m/z 121 and m/z 163 was 
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calculated to be a value of 4.6, which thus indicates to correspond to w3, being 32:6w3-

ME. 

 

3.4 Analysis of heterologous expression experiments and validation of the ion-ratio 

procedure 

In order to confirm the identity of detected compounds and validate the developed ion-

ratio procedure for the characterization of w3 and w6 VLC-PUFAs, heterologous 

expression experiments were carried out in order to establish retention times for VLC-

PUFAs and compare the obtained spectra. As it has been explained in the introduction, 

Elovl4 proteins enable the elongation of PUFAs including, among others, 20:4w6 

(arachidonic acid), 20:5w3 (eicosapentaenoic acid) and 22:6w3 (docosahexaenoic acid) 

[2]. In order to expand our VLC-PUFA database, 20:4w3, 22:4w6, 22:5w3, 22:6w3 and 

24:5w3 FAs were individually used as elongation substrates for the Atlantic salmon 

Elovl4, a protein that had previously shown elongase capacity towards all these 

compounds [32]. Figure 5 shows the XIC for the elongation products coming from 

22:6w3 (up) and 22:5w3 (down). All the elongation products and substrates were 

evaluated and the information obtained allowed the final identification of the expected 

compounds.  

 

4. CONCLUSIONS 

The use of an APCI interface in GC–QTOF has been employed for the first time to study 

the ionization and fragmentation behavior of FAMEs. The addition of water in the source 

as modifier promoted the proton transfer reaction producing mainly [M+H]+ species. In 

contrast to EI, low in-source fragmentation occurred in APCI. This fact together with the 

preservation of the protonated molecule measured at accurate mass has given an 



16 
 

additional value to the reliable identification of VLC-PUFAs in real samples. The ratio 

between the ions with m/z 121 and m/z 163 has been used for differentiation of w3 and 

w6 congeners. In addition, the heterologous expression experiments have enabled 

expanding our VLC-PUFA spectral library, and also establishing retention times for non-

commercially available standards, thus improving characterization, identification and 

confirmation purposes. Results obtained in this paper will help to advance into the 

knowledge of the metabolism of these compounds. 

 

FIGURE CAPTIONS 

Figure 1. APCI spectra at the LE function of (a) Arachidic acid ME (saturated); (b) 

C22:6w3-ME; and (c) C20:4w6-ME under charge transfer (up) and protonation 

conditions (down). 

Figure 2. Comparison of the in-source fragmentation for arachidic acid ME (up) and 

C20:5w3-ME (down) in EI (left) and APCI (right) sources.  

Figure 3. (a) PCA plot corresponding to the reference standards analyzed to create the 

model; (b) SPLOTs w-3 versus w-6. 

Figure 4. Detection and identification of 32:6w3-ME in a gilthead sea bream eyes sample 

by GC–QTOF MS (the reference standard was not available at our laboratory at the time 

of the detection): (a) Extracted-ion chromatograms (0.02 Da window) for protonated 

molecule in LE function and different fragment ions in HE function; (b) LE (bottom) and 

HE (top) spectra of the compound eluting at 18.6 min. Proposed elemental composition 

for fragment ions. 

Figure 5. Extracted ion chromatograms for the elongation products coming from 22:6w3 

(up) and 22:5w3 (down).  
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    Table 1. List of PUFAs identified in the fish eye samples analyzed from the different species 

Compounds European 
seabass 

Gilthead 
seabream 

Senegalese 
sole 

Atlantic 
salmon 

20:4w6  ü  ü  ü  ü 

20:5w3  ü  ü  ü  ü 

22:6w3  ü  ü  ü  ü 

22: 5w6  ü  ü  ü  ü 

22:5w3  ü  ü  ü  ü 

24:6w3  ü  ü  ü  ü 

26:6w3  ü  ü     

28:6w3  ü  ü     

30:6w3  ü  ü  ü   

32:6w3  ü  ü  ü  ü 

34:6w3  ü  ü    
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