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ABSTRACT  
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated 
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein 
crash and liquid-liquid extraction were evaluated. A Thermo ScientificTM  TSQ Quantiva™ triple quadrupole mass 
spectrometer in negative Electrospray mode with a Thermo ScientificTM DionexTM  VanquishTM Horizon HPLC system 
was used.  

Methods: 200 mL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated 
and a Thermo ScientificTM AccucoreTM VanquishTM C18, 100 x 2.1 mm, 1.5 mm with 5mM Ammonium Acetate in 
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes 
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each 
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using 
pooled reference samples. 

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a 
coefficient of determination R2>0.95 or better for all compounds in the various matrices. The limits of detection and 
quantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. 

INTRODUCTION 
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long 
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There 
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain 
and can have a significant influence on the body. 

In this case, we evaluated  various columns and solvent  combinations as well as simple and easy sample 
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the 
chromatographic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in 
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, 
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic  Acid; the 
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid,  Dihomo-Gamma-Linolenic Acid, 
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid;  the Omega-7- Palmitoleic Acid, 
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic  Acid, Mead Acid, Erucic Acid, Nervonic 
Acid.  The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid 
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive 
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical 
gradient. 

MATERIALS AND METHODS 
Standards 
The following analytical reference standards and Internal standards were obtained from Cayman Chemical 
Company, Ann Arbor, MI 
 

Omega-3 
Alpha-Linolenic Acid (ALA):  50 mg  Alpha-linolenic Acid-D14:   100 mg 
Stearidonic Acid (SDA):   1 mg 
Eicosapentaenoic Acid (EPA):  50 mg  Eicosapentaenoic Acid-D5:  50 mg 
Heneicosapentaenoic Acid (HPA):  1 mg  Heneicosapentaenoic Acid-D6:  25 mg 
Docosapentaenoic Acid (DPA):  1 mg 
Docosahexaenoic  Acid (DHA):  50 mg  Docosahexaenoic Acid-D5:  50 mg 
 

Omega-6 
Linoleic Acid (LA):   50 mg  Linoleic Acid:    500 mg 
Gamma-Linolenic Acid (GLA):  50 mg 
Eicosadienoic Acid: (EDA)  50 mg 
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg  Dihomo-Gamma-Linolenic Acid-D6: 100 mg 
Arachidonic Acid (AA):   50 mg  Arachidonic Acid-D8:   1 mg 
Docosadienoic Acid (DDA):  1 mg 
Adrenic Acid:    10 mg 
Docosapentaenoic Acid (DPA-6):  1 mg 
 

Omega-7 
Palmitoleic Acid (PMA):   100 mg  Palmitoleic Acid-D14:   100 mg 
Vaccenic Acid:    50 mg 
 

Omega-9 
Oleic Acid:    500 mg  Oleic Acid-D17:    1 mg 
Elaidic Acid:    50 mg 
Gondoic  Acid:    100 mg 
Mead Acid:    1 mg  Mead Acid-D6:    100 mg 
Erucic Acid:    50 mg 
Nervonic Acid:    100 mg 
 

Reagents 
The following Fisher Scientific™ acids, reagents and solvents were used 
HPLC grade Water  Hexane 
Methanol   Acetonitrile 
Ammonium Acetate  Sodium Hydroxide 
Hydrochloric Acid 
 

Sample Preparation- Protein Crash 
• 200 mL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and 

20 mL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly 
• 400 mL of Acetonitrile was added to each tube and vortexed  for 1 min prior  to  centrifugation for 10 minutes at 

13000 rpm 
• The supernatant was transferred to an MS vial and 200 mL of water was added to each vial and capped. 
• All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 

Biological, Inc., Temecula, CA) 
 

Sample Preparation- Liquid-Liquid Extraction  
• 200 mL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 20 mL of 

fatty acid at 1000 ng/mL were added to each and vortexed briefly 
• 400 mL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed  briefly and then 

heated at 100oC for 45 min 
• 400 mL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then 

heated at 100oC for 45 min 
• The sample was then re-acidified with 200 mL of 6N Hydrochloric Acid 
• 4 mL of Hexane were added to each tube and vortexed for 1 min prior  to  centrifugation for 10 minutes at 13000 

rpm 
• The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature 
• The extract was reconstituted in 200 mL of water and methanol (100 mL of each)  
• The supernatant was transferred to an MS vial and capped. 
 

The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control 
material.  
 

Data Analysis 
The software used included for this method included the Thermo  Scientific™ Xcalibur™ 3.1 SW, Thermo 
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™  4.1 SW 

 

Table 1. Scan Parameters- SRM Table 

Compound 
Protein Crash 

LOD/LOQ 
(ng/ml) 

LLE-
Underiatized 

LOD/LOQ 
(ng/ml) 

SDA-18:4 (n-3) 1/ 2.5 0.25/0.5 
EPA-20:5 (n-3) 10/25-Inter 0.25/0.5 
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 
GLA-18:3 (n-6) 10/25--Inter 2.5/5 
PMA-16: (n-7) 10/25-Inter 1/ 2.5 
DHA-22:6 (n-3) 5/10-Inter 0.1/0.25 
HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 
AA-20:4 (n-6) 25/50-Inter 0.5/1 
LA-18:2 (n-6)  Interference 5/10 
DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 
DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 
DGLA-20:3 (n-6) 25/50-Inter 5/10 
Mead-20:3 (n-9) 5/10 1/ 2.5 
Oleic-18:1 (n-9) 10/25-Inter 5/10 
Vaccenic-18:1 (n-7) Interference 10/25 
Elaidic-18:1 (n-9) Interference Interference 
Adrenic- 224:4 (n-6) 2500/5000 2.5/5 
EDA-20:2 (n-6) 2.5/5-Inter 2.5/5-Inter 
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter 
DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter 
Erucic-22:1 (n-9) Interferences 25/50-Inter 
Nervonic 10/25-Inter 2.5/5 

Compound RT 
 (Min) Polarity Precursor 

(m/z) 
Product 

(m/z) 
Collision Energies 

(V) 
RF Lens 

(V) 
SDA-18:4 (n-3) 1.61 Negative 2.75.3 231.2/177.1 10/14 88 

EPA-20:5 (n-3) 2.21 Negative 301.2 257.2/203.2 14/10 99 

ALA-18:3 (n-3) 2.33 Negative 277.3 275.2/259.2/233.2 18/17/15 94 

GLA-18:3 (n-6) 2.47 Negative 277.3 275.2/259.2/233.2 17/14/14 94 

PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 

DHA-22:6 (n-3) 2.92 Negative 327.3 283.2/229.2 10/14 92 

HPA-21:5 (n-3) 3.10 Negative 315.3 271.2/217.2 14/14 95 

AA-20:4 (n-6) 3.46 Negative 303.3 259.2/205.2 13/15 93 

LA-18:2 (n-6)  3.71 Negative 279.3 278.8 10 96 

DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 

DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 

DGLA-20:3 (n-6) 5.11 Negative 305.3 287.2/261.2 19/16 97 

Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 

Oleic-18:1 (n-9) 6.34 Negative 281.3 280.8 10 94 

Vaccenic-18:1 (n-7) 6.57 Negative 281.3 280.8 10 95 

Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 

Adrenic- 224:4 (n-6) 7.13 Negative 331.2 287.3/233.2 15/10 100 

EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 

Gondoic-20:1 (n-9) 7.65 Negative 309.3 308.8 10 95 

DDA-22:2 (n-6) 7.73 Negative 335.3 334.8 10 100 

Erucic-22:1 (n-9) 8.17 Negative 337.3 336.8 10 107 

Nervonic 8.78 Negative 365.3 364.8 10 107 

Table 2. Sensitivity. 

Method 
 

HPLC Conditions- 
Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment 
 

Column:            Accucore Vanquish C18, 100 x 2.1 mm, 1.5 mm  
Column Temperature:     50 oC 
Injection Volume:      20 mL  
Sampler Temperature:    4 oC 
Needle Wash:         Flush port (50%Methanol:50%Water) 10 seconds 
Mobile Phase A:       5mM Ammonium Acetate in Water 
Mobile Phase B:       Acetonitrile 
Flow Rate:          0.6 ml/min 
Gradient:           0 min-   40%A:60%B 
               6.5 min- 40%A:60%B 
               6.6 min- 2%A:98%B 
               9.0 min- 2%A:98%B 
               9.1 min- 40%A:60%B 
Run time:          10.0 mins 
 
 

MS and Ion Source Conditions- 
Quantiva triple quadrupole mass spectrometer  
Ion mode:             Negative Electrospray (H-ESI) Mode 
Vaporizer Temperature:      350 oC 
Ion Transfer Tube Temperature:  300 oC 
Sheath Gas:            30 
Aux Gas:              15 
Sweep Gas:            0 
Spray Voltage:           Negative Ion (V): 3000V  
Q1/Q2 Resolution:         0.7 (FWHM) 
Cycle time (sec):          0.5 
CID Gas (mTorr):         2 
Chromatographic Peak Width:   6 secs 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

RESULTS 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Linearity/Sensitivity 
The linear range of the fatty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only. 
The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined 
as 3:1 and 10:1 of  signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 
for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many 
interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of 
lipid compounds present. 

Rory M Doyle*, Thermo Scientific, Inc, 265 Davidson Avenue, Somerset, New Jersey 08873 
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Accuracy 
The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the 
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations 
were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory 
required accuracy for the analysis of the fatty acids in serum.  

Precision/Specificity 
The intra–assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three 
replicates of the pooled sample control material for the LLE extraction only. The inter-assay precision was determined 
over 3 consecutive days and was found to have a %CV <15% for each fatty acid within their respective linear range  for 
the three levels of pooled serum sample control material respectively. Therefore, the analytical method can achieve the 
required precision for the analysis of the omega fatty acids in serum. Due to the similarity between the various fatty acids 
tested and other similar compounds, there were interferences present as well as ion suppression which made obtaining 
consistent results and may require a larger diameter LC column. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
• Baseline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds 

but interferences were present. 

• Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out 
to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better 
separation and removal of interferences while maintaining ease of use and low cost 

• Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in negative mode was 
achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation 
techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be 
achieved by GC/MS. 

REFERENCES 
1.  LC-MS/MS analysis of plasma polyunsaturated fatty acids in type 2 diabetic patients after insulin analog initiation 
 therapy  
 Lipids in Health and Disease201312:169 
 Mutay Aslan et al   
2.  Fast, Sensitive, and Simultaneous Analysis of Multiple Steroids in Human Plasma by UHPLC–MS–MS
 LCGC, Mar 1, 2015, Pg 186 
 Mikael Levi, et al 

TRADEMARKS/LICENSING 
© 2017 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and 
its subsidiaries. This information is not intended to encourage use of these products in any manner that might infringe the 
intellectual property rights of others. 
 

For research use only. Not for use in diagnostic procedures. 
PO64921EN 

Figure 1: Chromatograms 
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ABSTRACT  
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated 
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein 
crash and liquid-liquid extraction were evaluated. A Thermo ScientificTM  TSQ Quantiva™ triple quadrupole mass 
spectrometer in negative Electrospray mode with a Thermo ScientificTM DionexTM  VanquishTM Horizon HPLC system 
was used.  

Methods: 200 mL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated 
and a Thermo ScientificTM AccucoreTM VanquishTM C18, 100 x 2.1 mm, 1.5 mm with 5mM Ammonium Acetate in 
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes 
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each 
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using 
pooled reference samples. 

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a 
coefficient of determination R2>0.95 or better for all compounds in the various matrices. The limits of detection and 
quantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. 

INTRODUCTION 
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long 
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There 
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain 
and can have a significant influence on the body. 

In this case, we evaluated  various columns and solvent  combinations as well as simple and easy sample 
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the 
chromatographic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in 
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, 
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic  Acid; the 
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid,  Dihomo-Gamma-Linolenic Acid, 
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid;  the Omega-7- Palmitoleic Acid, 
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic  Acid, Mead Acid, Erucic Acid, Nervonic 
Acid.  The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid 
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive 
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical 
gradient. 

MATERIALS AND METHODS 
Standards 
The following analytical reference standards and Internal standards were obtained from Cayman Chemical 
Company, Ann Arbor, MI 
 

Omega-3 
Alpha-Linolenic Acid (ALA):  50 mg  Alpha-linolenic Acid-D14:   100 mg 
Stearidonic Acid (SDA):   1 mg 
Eicosapentaenoic Acid (EPA):  50 mg  Eicosapentaenoic Acid-D5:  50 mg 
Heneicosapentaenoic Acid (HPA):  1 mg  Heneicosapentaenoic Acid-D6:  25 mg 
Docosapentaenoic Acid (DPA):  1 mg 
Docosahexaenoic  Acid (DHA):  50 mg  Docosahexaenoic Acid-D5:  50 mg 
 

Omega-6 
Linoleic Acid (LA):   50 mg  Linoleic Acid:    500 mg 
Gamma-Linolenic Acid (GLA):  50 mg 
Eicosadienoic Acid: (EDA)  50 mg 
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg  Dihomo-Gamma-Linolenic Acid-D6: 100 mg 
Arachidonic Acid (AA):   50 mg  Arachidonic Acid-D8:   1 mg 
Docosadienoic Acid (DDA):  1 mg 
Adrenic Acid:    10 mg 
Docosapentaenoic Acid (DPA-6):  1 mg 
 

Omega-7 
Palmitoleic Acid (PMA):   100 mg  Palmitoleic Acid-D14:   100 mg 
Vaccenic Acid:    50 mg 
 

Omega-9 
Oleic Acid:    500 mg  Oleic Acid-D17:    1 mg 
Elaidic Acid:    50 mg 
Gondoic  Acid:    100 mg 
Mead Acid:    1 mg  Mead Acid-D6:    100 mg 
Erucic Acid:    50 mg 
Nervonic Acid:    100 mg 
 

Reagents 
The following Fisher Scientific™ acids, reagents and solvents were used 
HPLC grade Water  Hexane 
Methanol   Acetonitrile 
Ammonium Acetate  Sodium Hydroxide 
Hydrochloric Acid 
 

Sample Preparation- Protein Crash 
• 200 mL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and 

20 mL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly 
• 400 mL of Acetonitrile was added to each tube and vortexed  for 1 min prior  to  centrifugation for 10 minutes at 

13000 rpm 
• The supernatant was transferred to an MS vial and 200 mL of water was added to each vial and capped. 
• All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 

Biological, Inc., Temecula, CA) 
 

Sample Preparation- Liquid-Liquid Extraction  
• 200 mL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 20 mL of 

fatty acid at 1000 ng/mL were added to each and vortexed briefly 
• 400 mL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed  briefly and then 

heated at 100oC for 45 min 
• 400 mL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then 

heated at 100oC for 45 min 
• The sample was then re-acidified with 200 mL of 6N Hydrochloric Acid 
• 4 mL of Hexane were added to each tube and vortexed for 1 min prior  to  centrifugation for 10 minutes at 13000 

rpm 
• The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature 
• The extract was reconstituted in 200 mL of water and methanol (100 mL of each)  
• The supernatant was transferred to an MS vial and capped. 
 

The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control 
material.  
 

Data Analysis 
The software used included for this method included the Thermo  Scientific™ Xcalibur™ 3.1 SW, Thermo 
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™  4.1 SW 

 

Table 1. Scan Parameters- SRM Table 

Compound 
Protein Crash 

LOD/LOQ 
(ng/ml) 

LLE-
Underiatized 

LOD/LOQ 
(ng/ml) 

SDA-18:4 (n-3) 1/ 2.5 0.25/0.5 
EPA-20:5 (n-3) 10/25-Inter 0.25/0.5 
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 
GLA-18:3 (n-6) 10/25--Inter 2.5/5 
PMA-16: (n-7) 10/25-Inter 1/ 2.5 
DHA-22:6 (n-3) 5/10-Inter 0.1/0.25 
HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 
AA-20:4 (n-6) 25/50-Inter 0.5/1 
LA-18:2 (n-6)  Interference 5/10 
DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 
DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 
DGLA-20:3 (n-6) 25/50-Inter 5/10 
Mead-20:3 (n-9) 5/10 1/ 2.5 
Oleic-18:1 (n-9) 10/25-Inter 5/10 
Vaccenic-18:1 (n-7) Interference 10/25 
Elaidic-18:1 (n-9) Interference Interference 
Adrenic- 224:4 (n-6) 2500/5000 2.5/5 
EDA-20:2 (n-6) 2.5/5-Inter 2.5/5-Inter 
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter 
DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter 
Erucic-22:1 (n-9) Interferences 25/50-Inter 
Nervonic 10/25-Inter 2.5/5 

Compound RT 
 (Min) Polarity Precursor 

(m/z) 
Product 

(m/z) 
Collision Energies 

(V) 
RF Lens 

(V) 
SDA-18:4 (n-3) 1.61 Negative 2.75.3 231.2/177.1 10/14 88 

EPA-20:5 (n-3) 2.21 Negative 301.2 257.2/203.2 14/10 99 

ALA-18:3 (n-3) 2.33 Negative 277.3 275.2/259.2/233.2 18/17/15 94 

GLA-18:3 (n-6) 2.47 Negative 277.3 275.2/259.2/233.2 17/14/14 94 

PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 

DHA-22:6 (n-3) 2.92 Negative 327.3 283.2/229.2 10/14 92 

HPA-21:5 (n-3) 3.10 Negative 315.3 271.2/217.2 14/14 95 

AA-20:4 (n-6) 3.46 Negative 303.3 259.2/205.2 13/15 93 

LA-18:2 (n-6)  3.71 Negative 279.3 278.8 10 96 

DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 

DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 

DGLA-20:3 (n-6) 5.11 Negative 305.3 287.2/261.2 19/16 97 

Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 

Oleic-18:1 (n-9) 6.34 Negative 281.3 280.8 10 94 

Vaccenic-18:1 (n-7) 6.57 Negative 281.3 280.8 10 95 

Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 

Adrenic- 224:4 (n-6) 7.13 Negative 331.2 287.3/233.2 15/10 100 

EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 

Gondoic-20:1 (n-9) 7.65 Negative 309.3 308.8 10 95 

DDA-22:2 (n-6) 7.73 Negative 335.3 334.8 10 100 

Erucic-22:1 (n-9) 8.17 Negative 337.3 336.8 10 107 

Nervonic 8.78 Negative 365.3 364.8 10 107 

Table 2. Sensitivity. 

Method 
 

HPLC Conditions- 
Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment 
 

Column:            Accucore Vanquish C18, 100 x 2.1 mm, 1.5 mm  
Column Temperature:     50 oC 
Injection Volume:      20 mL  
Sampler Temperature:    4 oC 
Needle Wash:         Flush port (50%Methanol:50%Water) 10 seconds 
Mobile Phase A:       5mM Ammonium Acetate in Water 
Mobile Phase B:       Acetonitrile 
Flow Rate:          0.6 ml/min 
Gradient:           0 min-   40%A:60%B 
               6.5 min- 40%A:60%B 
               6.6 min- 2%A:98%B 
               9.0 min- 2%A:98%B 
               9.1 min- 40%A:60%B 
Run time:          10.0 mins 
 
 

MS and Ion Source Conditions- 
Quantiva triple quadrupole mass spectrometer  
Ion mode:             Negative Electrospray (H-ESI) Mode 
Vaporizer Temperature:      350 oC 
Ion Transfer Tube Temperature:  300 oC 
Sheath Gas:            30 
Aux Gas:              15 
Sweep Gas:            0 
Spray Voltage:           Negative Ion (V): 3000V  
Q1/Q2 Resolution:         0.7 (FWHM) 
Cycle time (sec):          0.5 
CID Gas (mTorr):         2 
Chromatographic Peak Width:   6 secs 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

RESULTS 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Linearity/Sensitivity 
The linear range of the fatty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only. 
The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined 
as 3:1 and 10:1 of  signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 
for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many 
interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of 
lipid compounds present. 

Rory M Doyle*, Thermo Scientific, Inc, 265 Davidson Avenue, Somerset, New Jersey 08873 

LC-MS/MS quantitative analysis of Polyunsaturated Omega 3, 6,7 and 9 Fatty Acids in Serum for Research Use 

Accuracy 
The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the 
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations 
were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory 
required accuracy for the analysis of the fatty acids in serum.  

Precision/Specificity 
The intra–assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three 
replicates of the pooled sample control material for the LLE extraction only. The inter-assay precision was determined 
over 3 consecutive days and was found to have a %CV <15% for each fatty acid within their respective linear range  for 
the three levels of pooled serum sample control material respectively. Therefore, the analytical method can achieve the 
required precision for the analysis of the omega fatty acids in serum. Due to the similarity between the various fatty acids 
tested and other similar compounds, there were interferences present as well as ion suppression which made obtaining 
consistent results and may require a larger diameter LC column. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
• Baseline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds 

but interferences were present. 

• Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out 
to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better 
separation and removal of interferences while maintaining ease of use and low cost 

• Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in negative mode was 
achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation 
techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be 
achieved by GC/MS. 
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ABSTRACT  
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated 
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein 
crash and liquid-liquid extraction were evaluated. A Thermo ScientificTM  TSQ Quantiva™ triple quadrupole mass 
spectrometer in negative Electrospray mode with a Thermo ScientificTM DionexTM  VanquishTM Horizon HPLC system 
was used.  

Methods: 200 mL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated 
and a Thermo ScientificTM AccucoreTM VanquishTM C18, 100 x 2.1 mm, 1.5 mm with 5mM Ammonium Acetate in 
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes 
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each 
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using 
pooled reference samples. 

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a 
coefficient of determination R2>0.95 or better for all compounds in the various matrices. The limits of detection and 
quantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. 

INTRODUCTION 
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long 
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There 
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain 
and can have a significant influence on the body. 

In this case, we evaluated  various columns and solvent  combinations as well as simple and easy sample 
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the 
chromatographic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in 
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, 
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic  Acid; the 
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid,  Dihomo-Gamma-Linolenic Acid, 
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid;  the Omega-7- Palmitoleic Acid, 
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic  Acid, Mead Acid, Erucic Acid, Nervonic 
Acid.  The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid 
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive 
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical 
gradient. 

MATERIALS AND METHODS 
Standards 
The following analytical reference standards and Internal standards were obtained from Cayman Chemical 
Company, Ann Arbor, MI 
 

Omega-3 
Alpha-Linolenic Acid (ALA):  50 mg  Alpha-linolenic Acid-D14:   100 mg 
Stearidonic Acid (SDA):   1 mg 
Eicosapentaenoic Acid (EPA):  50 mg  Eicosapentaenoic Acid-D5:  50 mg 
Heneicosapentaenoic Acid (HPA):  1 mg  Heneicosapentaenoic Acid-D6:  25 mg 
Docosapentaenoic Acid (DPA):  1 mg 
Docosahexaenoic  Acid (DHA):  50 mg  Docosahexaenoic Acid-D5:  50 mg 
 

Omega-6 
Linoleic Acid (LA):   50 mg  Linoleic Acid:    500 mg 
Gamma-Linolenic Acid (GLA):  50 mg 
Eicosadienoic Acid: (EDA)  50 mg 
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg  Dihomo-Gamma-Linolenic Acid-D6: 100 mg 
Arachidonic Acid (AA):   50 mg  Arachidonic Acid-D8:   1 mg 
Docosadienoic Acid (DDA):  1 mg 
Adrenic Acid:    10 mg 
Docosapentaenoic Acid (DPA-6):  1 mg 
 

Omega-7 
Palmitoleic Acid (PMA):   100 mg  Palmitoleic Acid-D14:   100 mg 
Vaccenic Acid:    50 mg 
 

Omega-9 
Oleic Acid:    500 mg  Oleic Acid-D17:    1 mg 
Elaidic Acid:    50 mg 
Gondoic  Acid:    100 mg 
Mead Acid:    1 mg  Mead Acid-D6:    100 mg 
Erucic Acid:    50 mg 
Nervonic Acid:    100 mg 
 

Reagents 
The following Fisher Scientific™ acids, reagents and solvents were used 
HPLC grade Water  Hexane 
Methanol   Acetonitrile 
Ammonium Acetate  Sodium Hydroxide 
Hydrochloric Acid 
 

Sample Preparation- Protein Crash 
• 200 mL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and 

20 mL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly 
• 400 mL of Acetonitrile was added to each tube and vortexed  for 1 min prior  to  centrifugation for 10 minutes at 

13000 rpm 
• The supernatant was transferred to an MS vial and 200 mL of water was added to each vial and capped. 
• All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 

Biological, Inc., Temecula, CA) 
 

Sample Preparation- Liquid-Liquid Extraction  
• 200 mL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 20 mL of 

fatty acid at 1000 ng/mL were added to each and vortexed briefly 
• 400 mL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed  briefly and then 

heated at 100oC for 45 min 
• 400 mL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then 

heated at 100oC for 45 min 
• The sample was then re-acidified with 200 mL of 6N Hydrochloric Acid 
• 4 mL of Hexane were added to each tube and vortexed for 1 min prior  to  centrifugation for 10 minutes at 13000 

rpm 
• The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature 
• The extract was reconstituted in 200 mL of water and methanol (100 mL of each)  
• The supernatant was transferred to an MS vial and capped. 
 

The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control 
material.  
 

Data Analysis 
The software used included for this method included the Thermo  Scientific™ Xcalibur™ 3.1 SW, Thermo 
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™  4.1 SW 

 

Table 1. Scan Parameters- SRM Table 

Compound 
Protein Crash 

LOD/LOQ 
(ng/ml) 

LLE-
Underiatized 

LOD/LOQ 
(ng/ml) 

SDA-18:4 (n-3) 1/ 2.5 0.25/0.5 
EPA-20:5 (n-3) 10/25-Inter 0.25/0.5 
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 
GLA-18:3 (n-6) 10/25--Inter 2.5/5 
PMA-16: (n-7) 10/25-Inter 1/ 2.5 
DHA-22:6 (n-3) 5/10-Inter 0.1/0.25 
HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 
AA-20:4 (n-6) 25/50-Inter 0.5/1 
LA-18:2 (n-6)  Interference 5/10 
DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 
DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 
DGLA-20:3 (n-6) 25/50-Inter 5/10 
Mead-20:3 (n-9) 5/10 1/ 2.5 
Oleic-18:1 (n-9) 10/25-Inter 5/10 
Vaccenic-18:1 (n-7) Interference 10/25 
Elaidic-18:1 (n-9) Interference Interference 
Adrenic- 224:4 (n-6) 2500/5000 2.5/5 
EDA-20:2 (n-6) 2.5/5-Inter 2.5/5-Inter 
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter 
DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter 
Erucic-22:1 (n-9) Interferences 25/50-Inter 
Nervonic 10/25-Inter 2.5/5 

Compound RT 
 (Min) Polarity Precursor 

(m/z) 
Product 

(m/z) 
Collision Energies 

(V) 
RF Lens 

(V) 
SDA-18:4 (n-3) 1.61 Negative 2.75.3 231.2/177.1 10/14 88 

EPA-20:5 (n-3) 2.21 Negative 301.2 257.2/203.2 14/10 99 

ALA-18:3 (n-3) 2.33 Negative 277.3 275.2/259.2/233.2 18/17/15 94 

GLA-18:3 (n-6) 2.47 Negative 277.3 275.2/259.2/233.2 17/14/14 94 

PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 

DHA-22:6 (n-3) 2.92 Negative 327.3 283.2/229.2 10/14 92 

HPA-21:5 (n-3) 3.10 Negative 315.3 271.2/217.2 14/14 95 

AA-20:4 (n-6) 3.46 Negative 303.3 259.2/205.2 13/15 93 

LA-18:2 (n-6)  3.71 Negative 279.3 278.8 10 96 

DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 

DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 

DGLA-20:3 (n-6) 5.11 Negative 305.3 287.2/261.2 19/16 97 

Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 

Oleic-18:1 (n-9) 6.34 Negative 281.3 280.8 10 94 

Vaccenic-18:1 (n-7) 6.57 Negative 281.3 280.8 10 95 

Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 

Adrenic- 224:4 (n-6) 7.13 Negative 331.2 287.3/233.2 15/10 100 

EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 

Gondoic-20:1 (n-9) 7.65 Negative 309.3 308.8 10 95 

DDA-22:2 (n-6) 7.73 Negative 335.3 334.8 10 100 

Erucic-22:1 (n-9) 8.17 Negative 337.3 336.8 10 107 

Nervonic 8.78 Negative 365.3 364.8 10 107 

Table 2. Sensitivity. 

Method 
 

HPLC Conditions- 
Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment 
 

Column:            Accucore Vanquish C18, 100 x 2.1 mm, 1.5 mm  
Column Temperature:     50 oC 
Injection Volume:      20 mL  
Sampler Temperature:    4 oC 
Needle Wash:         Flush port (50%Methanol:50%Water) 10 seconds 
Mobile Phase A:       5mM Ammonium Acetate in Water 
Mobile Phase B:       Acetonitrile 
Flow Rate:          0.6 ml/min 
Gradient:           0 min-   40%A:60%B 
               6.5 min- 40%A:60%B 
               6.6 min- 2%A:98%B 
               9.0 min- 2%A:98%B 
               9.1 min- 40%A:60%B 
Run time:          10.0 mins 
 
 

MS and Ion Source Conditions- 
Quantiva triple quadrupole mass spectrometer  
Ion mode:             Negative Electrospray (H-ESI) Mode 
Vaporizer Temperature:      350 oC 
Ion Transfer Tube Temperature:  300 oC 
Sheath Gas:            30 
Aux Gas:              15 
Sweep Gas:            0 
Spray Voltage:           Negative Ion (V): 3000V  
Q1/Q2 Resolution:         0.7 (FWHM) 
Cycle time (sec):          0.5 
CID Gas (mTorr):         2 
Chromatographic Peak Width:   6 secs 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

RESULTS 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Linearity/Sensitivity 
The linear range of the fatty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only. 
The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined 
as 3:1 and 10:1 of  signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 
for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many 
interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of 
lipid compounds present. 
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Accuracy 
The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the 
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations 
were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory 
required accuracy for the analysis of the fatty acids in serum.  

Precision/Specificity 
The intra–assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three 
replicates of the pooled sample control material for the LLE extraction only. The inter-assay precision was determined 
over 3 consecutive days and was found to have a %CV <15% for each fatty acid within their respective linear range  for 
the three levels of pooled serum sample control material respectively. Therefore, the analytical method can achieve the 
required precision for the analysis of the omega fatty acids in serum. Due to the similarity between the various fatty acids 
tested and other similar compounds, there were interferences present as well as ion suppression which made obtaining 
consistent results and may require a larger diameter LC column. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
• Baseline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds 

but interferences were present. 

• Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out 
to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better 
separation and removal of interferences while maintaining ease of use and low cost 

• Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in negative mode was 
achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation 
techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be 
achieved by GC/MS. 
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Figure 1: Chromatograms 
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ABSTRACT  
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated 
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein 
crash and liquid-liquid extraction were evaluated. A Thermo ScientificTM  TSQ Quantiva™ triple quadrupole mass 
spectrometer in negative Electrospray mode with a Thermo ScientificTM DionexTM  VanquishTM Horizon HPLC system 
was used.  

Methods: 200 mL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated 
and a Thermo ScientificTM AccucoreTM VanquishTM C18, 100 x 2.1 mm, 1.5 mm with 5mM Ammonium Acetate in 
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes 
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each 
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using 
pooled reference samples. 

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a 
coefficient of determination R2>0.95 or better for all compounds in the various matrices. The limits of detection and 
quantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. 

INTRODUCTION 
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long 
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There 
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain 
and can have a significant influence on the body. 

In this case, we evaluated  various columns and solvent  combinations as well as simple and easy sample 
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the 
chromatographic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in 
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, 
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic  Acid; the 
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid,  Dihomo-Gamma-Linolenic Acid, 
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid;  the Omega-7- Palmitoleic Acid, 
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic  Acid, Mead Acid, Erucic Acid, Nervonic 
Acid.  The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid 
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive 
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical 
gradient. 

MATERIALS AND METHODS 
Standards 
The following analytical reference standards and Internal standards were obtained from Cayman Chemical 
Company, Ann Arbor, MI 
 

Omega-3 
Alpha-Linolenic Acid (ALA):  50 mg  Alpha-linolenic Acid-D14:   100 mg 
Stearidonic Acid (SDA):   1 mg 
Eicosapentaenoic Acid (EPA):  50 mg  Eicosapentaenoic Acid-D5:  50 mg 
Heneicosapentaenoic Acid (HPA):  1 mg  Heneicosapentaenoic Acid-D6:  25 mg 
Docosapentaenoic Acid (DPA):  1 mg 
Docosahexaenoic  Acid (DHA):  50 mg  Docosahexaenoic Acid-D5:  50 mg 
 

Omega-6 
Linoleic Acid (LA):   50 mg  Linoleic Acid:    500 mg 
Gamma-Linolenic Acid (GLA):  50 mg 
Eicosadienoic Acid: (EDA)  50 mg 
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg  Dihomo-Gamma-Linolenic Acid-D6: 100 mg 
Arachidonic Acid (AA):   50 mg  Arachidonic Acid-D8:   1 mg 
Docosadienoic Acid (DDA):  1 mg 
Adrenic Acid:    10 mg 
Docosapentaenoic Acid (DPA-6):  1 mg 
 

Omega-7 
Palmitoleic Acid (PMA):   100 mg  Palmitoleic Acid-D14:   100 mg 
Vaccenic Acid:    50 mg 
 

Omega-9 
Oleic Acid:    500 mg  Oleic Acid-D17:    1 mg 
Elaidic Acid:    50 mg 
Gondoic  Acid:    100 mg 
Mead Acid:    1 mg  Mead Acid-D6:    100 mg 
Erucic Acid:    50 mg 
Nervonic Acid:    100 mg 
 

Reagents 
The following Fisher Scientific™ acids, reagents and solvents were used 
HPLC grade Water  Hexane 
Methanol   Acetonitrile 
Ammonium Acetate  Sodium Hydroxide 
Hydrochloric Acid 
 

Sample Preparation- Protein Crash 
• 200 mL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and 

20 mL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly 
• 400 mL of Acetonitrile was added to each tube and vortexed  for 1 min prior  to  centrifugation for 10 minutes at 

13000 rpm 
• The supernatant was transferred to an MS vial and 200 mL of water was added to each vial and capped. 
• All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 

Biological, Inc., Temecula, CA) 
 

Sample Preparation- Liquid-Liquid Extraction  
• 200 mL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 20 mL of 

fatty acid at 1000 ng/mL were added to each and vortexed briefly 
• 400 mL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed  briefly and then 

heated at 100oC for 45 min 
• 400 mL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then 

heated at 100oC for 45 min 
• The sample was then re-acidified with 200 mL of 6N Hydrochloric Acid 
• 4 mL of Hexane were added to each tube and vortexed for 1 min prior  to  centrifugation for 10 minutes at 13000 

rpm 
• The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature 
• The extract was reconstituted in 200 mL of water and methanol (100 mL of each)  
• The supernatant was transferred to an MS vial and capped. 
 

The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control 
material.  
 

Data Analysis 
The software used included for this method included the Thermo  Scientific™ Xcalibur™ 3.1 SW, Thermo 
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™  4.1 SW 

 

Table 1. Scan Parameters- SRM Table 

Compound 
Protein Crash 

LOD/LOQ 
(ng/ml) 

LLE-
Underiatized 

LOD/LOQ 
(ng/ml) 

SDA-18:4 (n-3) 1/ 2.5 0.25/0.5 
EPA-20:5 (n-3) 10/25-Inter 0.25/0.5 
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 
GLA-18:3 (n-6) 10/25--Inter 2.5/5 
PMA-16: (n-7) 10/25-Inter 1/ 2.5 
DHA-22:6 (n-3) 5/10-Inter 0.1/0.25 
HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 
AA-20:4 (n-6) 25/50-Inter 0.5/1 
LA-18:2 (n-6)  Interference 5/10 
DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 
DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 
DGLA-20:3 (n-6) 25/50-Inter 5/10 
Mead-20:3 (n-9) 5/10 1/ 2.5 
Oleic-18:1 (n-9) 10/25-Inter 5/10 
Vaccenic-18:1 (n-7) Interference 10/25 
Elaidic-18:1 (n-9) Interference Interference 
Adrenic- 224:4 (n-6) 2500/5000 2.5/5 
EDA-20:2 (n-6) 2.5/5-Inter 2.5/5-Inter 
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter 
DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter 
Erucic-22:1 (n-9) Interferences 25/50-Inter 
Nervonic 10/25-Inter 2.5/5 

Compound RT 
 (Min) Polarity Precursor 

(m/z) 
Product 

(m/z) 
Collision Energies 

(V) 
RF Lens 

(V) 
SDA-18:4 (n-3) 1.61 Negative 2.75.3 231.2/177.1 10/14 88 

EPA-20:5 (n-3) 2.21 Negative 301.2 257.2/203.2 14/10 99 

ALA-18:3 (n-3) 2.33 Negative 277.3 275.2/259.2/233.2 18/17/15 94 

GLA-18:3 (n-6) 2.47 Negative 277.3 275.2/259.2/233.2 17/14/14 94 

PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 

DHA-22:6 (n-3) 2.92 Negative 327.3 283.2/229.2 10/14 92 

HPA-21:5 (n-3) 3.10 Negative 315.3 271.2/217.2 14/14 95 

AA-20:4 (n-6) 3.46 Negative 303.3 259.2/205.2 13/15 93 

LA-18:2 (n-6)  3.71 Negative 279.3 278.8 10 96 

DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 

DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 

DGLA-20:3 (n-6) 5.11 Negative 305.3 287.2/261.2 19/16 97 

Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 

Oleic-18:1 (n-9) 6.34 Negative 281.3 280.8 10 94 

Vaccenic-18:1 (n-7) 6.57 Negative 281.3 280.8 10 95 

Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 

Adrenic- 224:4 (n-6) 7.13 Negative 331.2 287.3/233.2 15/10 100 

EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 

Gondoic-20:1 (n-9) 7.65 Negative 309.3 308.8 10 95 

DDA-22:2 (n-6) 7.73 Negative 335.3 334.8 10 100 

Erucic-22:1 (n-9) 8.17 Negative 337.3 336.8 10 107 

Nervonic 8.78 Negative 365.3 364.8 10 107 

Table 2. Sensitivity. 

Method 
 

HPLC Conditions- 
Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment 
 

Column:            Accucore Vanquish C18, 100 x 2.1 mm, 1.5 mm  
Column Temperature:     50 oC 
Injection Volume:      20 mL  
Sampler Temperature:    4 oC 
Needle Wash:         Flush port (50%Methanol:50%Water) 10 seconds 
Mobile Phase A:       5mM Ammonium Acetate in Water 
Mobile Phase B:       Acetonitrile 
Flow Rate:          0.6 ml/min 
Gradient:           0 min-   40%A:60%B 
               6.5 min- 40%A:60%B 
               6.6 min- 2%A:98%B 
               9.0 min- 2%A:98%B 
               9.1 min- 40%A:60%B 
Run time:          10.0 mins 
 
 

MS and Ion Source Conditions- 
Quantiva triple quadrupole mass spectrometer  
Ion mode:             Negative Electrospray (H-ESI) Mode 
Vaporizer Temperature:      350 oC 
Ion Transfer Tube Temperature:  300 oC 
Sheath Gas:            30 
Aux Gas:              15 
Sweep Gas:            0 
Spray Voltage:           Negative Ion (V): 3000V  
Q1/Q2 Resolution:         0.7 (FWHM) 
Cycle time (sec):          0.5 
CID Gas (mTorr):         2 
Chromatographic Peak Width:   6 secs 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

RESULTS 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Linearity/Sensitivity 
The linear range of the fatty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only. 
The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined 
as 3:1 and 10:1 of  signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 
for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many 
interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of 
lipid compounds present. 
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Accuracy 
The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the 
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations 
were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory 
required accuracy for the analysis of the fatty acids in serum.  

Precision/Specificity 
The intra–assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three 
replicates of the pooled sample control material for the LLE extraction only. The inter-assay precision was determined 
over 3 consecutive days and was found to have a %CV <15% for each fatty acid within their respective linear range  for 
the three levels of pooled serum sample control material respectively. Therefore, the analytical method can achieve the 
required precision for the analysis of the omega fatty acids in serum. Due to the similarity between the various fatty acids 
tested and other similar compounds, there were interferences present as well as ion suppression which made obtaining 
consistent results and may require a larger diameter LC column. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
• Baseline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds 

but interferences were present. 

• Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out 
to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better 
separation and removal of interferences while maintaining ease of use and low cost 

• Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in negative mode was 
achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation 
techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be 
achieved by GC/MS. 
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Figure 1: Chromatograms 
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ABSTRACT  
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated 
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein 
crash and liquid-liquid extraction were evaluated. A Thermo ScientificTM  TSQ Quantiva™ triple quadrupole mass 
spectrometer in negative Electrospray mode with a Thermo ScientificTM DionexTM  VanquishTM Horizon HPLC system 
was used.  

Methods: 200 mL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated 
and a Thermo ScientificTM AccucoreTM VanquishTM C18, 100 x 2.1 mm, 1.5 mm with 5mM Ammonium Acetate in 
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes 
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each 
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using 
pooled reference samples. 

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a 
coefficient of determination R2>0.95 or better for all compounds in the various matrices. The limits of detection and 
quantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. 

INTRODUCTION 
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long 
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There 
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain 
and can have a significant influence on the body. 

In this case, we evaluated  various columns and solvent  combinations as well as simple and easy sample 
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the 
chromatographic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in 
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, 
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic  Acid; the 
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid,  Dihomo-Gamma-Linolenic Acid, 
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid;  the Omega-7- Palmitoleic Acid, 
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic  Acid, Mead Acid, Erucic Acid, Nervonic 
Acid.  The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid 
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive 
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical 
gradient. 

MATERIALS AND METHODS 
Standards 
The following analytical reference standards and Internal standards were obtained from Cayman Chemical 
Company, Ann Arbor, MI 
 

Omega-3 
Alpha-Linolenic Acid (ALA):  50 mg  Alpha-linolenic Acid-D14:   100 mg 
Stearidonic Acid (SDA):   1 mg 
Eicosapentaenoic Acid (EPA):  50 mg  Eicosapentaenoic Acid-D5:  50 mg 
Heneicosapentaenoic Acid (HPA):  1 mg  Heneicosapentaenoic Acid-D6:  25 mg 
Docosapentaenoic Acid (DPA):  1 mg 
Docosahexaenoic  Acid (DHA):  50 mg  Docosahexaenoic Acid-D5:  50 mg 
 

Omega-6 
Linoleic Acid (LA):   50 mg  Linoleic Acid:    500 mg 
Gamma-Linolenic Acid (GLA):  50 mg 
Eicosadienoic Acid: (EDA)  50 mg 
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg  Dihomo-Gamma-Linolenic Acid-D6: 100 mg 
Arachidonic Acid (AA):   50 mg  Arachidonic Acid-D8:   1 mg 
Docosadienoic Acid (DDA):  1 mg 
Adrenic Acid:    10 mg 
Docosapentaenoic Acid (DPA-6):  1 mg 
 

Omega-7 
Palmitoleic Acid (PMA):   100 mg  Palmitoleic Acid-D14:   100 mg 
Vaccenic Acid:    50 mg 
 

Omega-9 
Oleic Acid:    500 mg  Oleic Acid-D17:    1 mg 
Elaidic Acid:    50 mg 
Gondoic  Acid:    100 mg 
Mead Acid:    1 mg  Mead Acid-D6:    100 mg 
Erucic Acid:    50 mg 
Nervonic Acid:    100 mg 
 

Reagents 
The following Fisher Scientific™ acids, reagents and solvents were used 
HPLC grade Water  Hexane 
Methanol   Acetonitrile 
Ammonium Acetate  Sodium Hydroxide 
Hydrochloric Acid 
 

Sample Preparation- Protein Crash 
• 200 mL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and 

20 mL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly 
• 400 mL of Acetonitrile was added to each tube and vortexed  for 1 min prior  to  centrifugation for 10 minutes at 

13000 rpm 
• The supernatant was transferred to an MS vial and 200 mL of water was added to each vial and capped. 
• All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 

Biological, Inc., Temecula, CA) 
 

Sample Preparation- Liquid-Liquid Extraction  
• 200 mL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 20 mL of 

fatty acid at 1000 ng/mL were added to each and vortexed briefly 
• 400 mL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed  briefly and then 

heated at 100oC for 45 min 
• 400 mL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then 

heated at 100oC for 45 min 
• The sample was then re-acidified with 200 mL of 6N Hydrochloric Acid 
• 4 mL of Hexane were added to each tube and vortexed for 1 min prior  to  centrifugation for 10 minutes at 13000 

rpm 
• The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature 
• The extract was reconstituted in 200 mL of water and methanol (100 mL of each)  
• The supernatant was transferred to an MS vial and capped. 
 

The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control 
material.  
 

Data Analysis 
The software used included for this method included the Thermo  Scientific™ Xcalibur™ 3.1 SW, Thermo 
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™  4.1 SW 

 

Table 1. Scan Parameters- SRM Table 

Compound 
Protein Crash 

LOD/LOQ 
(ng/ml) 

LLE-
Underiatized 

LOD/LOQ 
(ng/ml) 

SDA-18:4 (n-3) 1/ 2.5 0.25/0.5 
EPA-20:5 (n-3) 10/25-Inter 0.25/0.5 
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 
GLA-18:3 (n-6) 10/25--Inter 2.5/5 
PMA-16: (n-7) 10/25-Inter 1/ 2.5 
DHA-22:6 (n-3) 5/10-Inter 0.1/0.25 
HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 
AA-20:4 (n-6) 25/50-Inter 0.5/1 
LA-18:2 (n-6)  Interference 5/10 
DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 
DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 
DGLA-20:3 (n-6) 25/50-Inter 5/10 
Mead-20:3 (n-9) 5/10 1/ 2.5 
Oleic-18:1 (n-9) 10/25-Inter 5/10 
Vaccenic-18:1 (n-7) Interference 10/25 
Elaidic-18:1 (n-9) Interference Interference 
Adrenic- 224:4 (n-6) 2500/5000 2.5/5 
EDA-20:2 (n-6) 2.5/5-Inter 2.5/5-Inter 
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter 
DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter 
Erucic-22:1 (n-9) Interferences 25/50-Inter 
Nervonic 10/25-Inter 2.5/5 

Compound RT 
 (Min) Polarity Precursor 

(m/z) 
Product 

(m/z) 
Collision Energies 

(V) 
RF Lens 

(V) 
SDA-18:4 (n-3) 1.61 Negative 2.75.3 231.2/177.1 10/14 88 

EPA-20:5 (n-3) 2.21 Negative 301.2 257.2/203.2 14/10 99 

ALA-18:3 (n-3) 2.33 Negative 277.3 275.2/259.2/233.2 18/17/15 94 

GLA-18:3 (n-6) 2.47 Negative 277.3 275.2/259.2/233.2 17/14/14 94 

PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 

DHA-22:6 (n-3) 2.92 Negative 327.3 283.2/229.2 10/14 92 

HPA-21:5 (n-3) 3.10 Negative 315.3 271.2/217.2 14/14 95 

AA-20:4 (n-6) 3.46 Negative 303.3 259.2/205.2 13/15 93 

LA-18:2 (n-6)  3.71 Negative 279.3 278.8 10 96 

DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 

DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 

DGLA-20:3 (n-6) 5.11 Negative 305.3 287.2/261.2 19/16 97 

Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 

Oleic-18:1 (n-9) 6.34 Negative 281.3 280.8 10 94 

Vaccenic-18:1 (n-7) 6.57 Negative 281.3 280.8 10 95 

Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 

Adrenic- 224:4 (n-6) 7.13 Negative 331.2 287.3/233.2 15/10 100 

EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 

Gondoic-20:1 (n-9) 7.65 Negative 309.3 308.8 10 95 

DDA-22:2 (n-6) 7.73 Negative 335.3 334.8 10 100 

Erucic-22:1 (n-9) 8.17 Negative 337.3 336.8 10 107 

Nervonic 8.78 Negative 365.3 364.8 10 107 

Table 2. Sensitivity. 

Method 
 

HPLC Conditions- 
Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment 
 

Column:            Accucore Vanquish C18, 100 x 2.1 mm, 1.5 mm  
Column Temperature:     50 oC 
Injection Volume:      20 mL  
Sampler Temperature:    4 oC 
Needle Wash:         Flush port (50%Methanol:50%Water) 10 seconds 
Mobile Phase A:       5mM Ammonium Acetate in Water 
Mobile Phase B:       Acetonitrile 
Flow Rate:          0.6 ml/min 
Gradient:           0 min-   40%A:60%B 
               6.5 min- 40%A:60%B 
               6.6 min- 2%A:98%B 
               9.0 min- 2%A:98%B 
               9.1 min- 40%A:60%B 
Run time:          10.0 mins 
 
 

MS and Ion Source Conditions- 
Quantiva triple quadrupole mass spectrometer  
Ion mode:             Negative Electrospray (H-ESI) Mode 
Vaporizer Temperature:      350 oC 
Ion Transfer Tube Temperature:  300 oC 
Sheath Gas:            30 
Aux Gas:              15 
Sweep Gas:            0 
Spray Voltage:           Negative Ion (V): 3000V  
Q1/Q2 Resolution:         0.7 (FWHM) 
Cycle time (sec):          0.5 
CID Gas (mTorr):         2 
Chromatographic Peak Width:   6 secs 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

RESULTS 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Linearity/Sensitivity 
The linear range of the fatty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only. 
The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined 
as 3:1 and 10:1 of  signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 
for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many 
interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of 
lipid compounds present. 

Rory M Doyle*, Thermo Scientific, Inc, 265 Davidson Avenue, Somerset, New Jersey 08873 

LC-MS/MS quantitative analysis of Polyunsaturated Omega 3, 6,7 and 9 Fatty Acids in Serum for Research Use 

Accuracy 
The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the 
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations 
were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory 
required accuracy for the analysis of the fatty acids in serum.  

Precision/Specificity 
The intra–assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three 
replicates of the pooled sample control material for the LLE extraction only. The inter-assay precision was determined 
over 3 consecutive days and was found to have a %CV <15% for each fatty acid within their respective linear range  for 
the three levels of pooled serum sample control material respectively. Therefore, the analytical method can achieve the 
required precision for the analysis of the omega fatty acids in serum. Due to the similarity between the various fatty acids 
tested and other similar compounds, there were interferences present as well as ion suppression which made obtaining 
consistent results and may require a larger diameter LC column. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
• Baseline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds 

but interferences were present. 

• Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out 
to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better 
separation and removal of interferences while maintaining ease of use and low cost 

• Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in negative mode was 
achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation 
techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be 
achieved by GC/MS. 
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Figure 1: Chromatograms 
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ABSTRACT  
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated 
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein 
crash and liquid-liquid extraction were evaluated. A Thermo ScientificTM  TSQ Quantiva™ triple quadrupole mass 
spectrometer in negative Electrospray mode with a Thermo ScientificTM DionexTM  VanquishTM Horizon HPLC system 
was used.  

Methods: 200 mL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated 
and a Thermo ScientificTM AccucoreTM VanquishTM C18, 100 x 2.1 mm, 1.5 mm with 5mM Ammonium Acetate in 
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes 
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each 
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using 
pooled reference samples. 

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a 
coefficient of determination R2>0.95 or better for all compounds in the various matrices. The limits of detection and 
quantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. 

INTRODUCTION 
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long 
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There 
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain 
and can have a significant influence on the body. 

In this case, we evaluated  various columns and solvent  combinations as well as simple and easy sample 
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the 
chromatographic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in 
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, 
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic  Acid; the 
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid,  Dihomo-Gamma-Linolenic Acid, 
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid;  the Omega-7- Palmitoleic Acid, 
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic  Acid, Mead Acid, Erucic Acid, Nervonic 
Acid.  The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid 
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive 
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical 
gradient. 

MATERIALS AND METHODS 
Standards 
The following analytical reference standards and Internal standards were obtained from Cayman Chemical 
Company, Ann Arbor, MI 
 

Omega-3 
Alpha-Linolenic Acid (ALA):  50 mg  Alpha-linolenic Acid-D14:   100 mg 
Stearidonic Acid (SDA):   1 mg 
Eicosapentaenoic Acid (EPA):  50 mg  Eicosapentaenoic Acid-D5:  50 mg 
Heneicosapentaenoic Acid (HPA):  1 mg  Heneicosapentaenoic Acid-D6:  25 mg 
Docosapentaenoic Acid (DPA):  1 mg 
Docosahexaenoic  Acid (DHA):  50 mg  Docosahexaenoic Acid-D5:  50 mg 
 

Omega-6 
Linoleic Acid (LA):   50 mg  Linoleic Acid:    500 mg 
Gamma-Linolenic Acid (GLA):  50 mg 
Eicosadienoic Acid: (EDA)  50 mg 
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg  Dihomo-Gamma-Linolenic Acid-D6: 100 mg 
Arachidonic Acid (AA):   50 mg  Arachidonic Acid-D8:   1 mg 
Docosadienoic Acid (DDA):  1 mg 
Adrenic Acid:    10 mg 
Docosapentaenoic Acid (DPA-6):  1 mg 
 

Omega-7 
Palmitoleic Acid (PMA):   100 mg  Palmitoleic Acid-D14:   100 mg 
Vaccenic Acid:    50 mg 
 

Omega-9 
Oleic Acid:    500 mg  Oleic Acid-D17:    1 mg 
Elaidic Acid:    50 mg 
Gondoic  Acid:    100 mg 
Mead Acid:    1 mg  Mead Acid-D6:    100 mg 
Erucic Acid:    50 mg 
Nervonic Acid:    100 mg 
 

Reagents 
The following Fisher Scientific™ acids, reagents and solvents were used 
HPLC grade Water  Hexane 
Methanol   Acetonitrile 
Ammonium Acetate  Sodium Hydroxide 
Hydrochloric Acid 
 

Sample Preparation- Protein Crash 
• 200 mL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and 

20 mL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly 
• 400 mL of Acetonitrile was added to each tube and vortexed  for 1 min prior  to  centrifugation for 10 minutes at 

13000 rpm 
• The supernatant was transferred to an MS vial and 200 mL of water was added to each vial and capped. 
• All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 

Biological, Inc., Temecula, CA) 
 

Sample Preparation- Liquid-Liquid Extraction  
• 200 mL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 20 mL of 

fatty acid at 1000 ng/mL were added to each and vortexed briefly 
• 400 mL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed  briefly and then 

heated at 100oC for 45 min 
• 400 mL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then 

heated at 100oC for 45 min 
• The sample was then re-acidified with 200 mL of 6N Hydrochloric Acid 
• 4 mL of Hexane were added to each tube and vortexed for 1 min prior  to  centrifugation for 10 minutes at 13000 

rpm 
• The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature 
• The extract was reconstituted in 200 mL of water and methanol (100 mL of each)  
• The supernatant was transferred to an MS vial and capped. 
 

The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control 
material.  
 

Data Analysis 
The software used included for this method included the Thermo  Scientific™ Xcalibur™ 3.1 SW, Thermo 
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™  4.1 SW 

 

Table 1. Scan Parameters- SRM Table 

Compound 
Protein Crash 

LOD/LOQ 
(ng/ml) 

LLE-
Underiatized 

LOD/LOQ 
(ng/ml) 

SDA-18:4 (n-3) 1/ 2.5 0.25/0.5 
EPA-20:5 (n-3) 10/25-Inter 0.25/0.5 
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 
GLA-18:3 (n-6) 10/25--Inter 2.5/5 
PMA-16: (n-7) 10/25-Inter 1/ 2.5 
DHA-22:6 (n-3) 5/10-Inter 0.1/0.25 
HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 
AA-20:4 (n-6) 25/50-Inter 0.5/1 
LA-18:2 (n-6)  Interference 5/10 
DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 
DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 
DGLA-20:3 (n-6) 25/50-Inter 5/10 
Mead-20:3 (n-9) 5/10 1/ 2.5 
Oleic-18:1 (n-9) 10/25-Inter 5/10 
Vaccenic-18:1 (n-7) Interference 10/25 
Elaidic-18:1 (n-9) Interference Interference 
Adrenic- 224:4 (n-6) 2500/5000 2.5/5 
EDA-20:2 (n-6) 2.5/5-Inter 2.5/5-Inter 
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter 
DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter 
Erucic-22:1 (n-9) Interferences 25/50-Inter 
Nervonic 10/25-Inter 2.5/5 

Compound RT 
 (Min) Polarity Precursor 

(m/z) 
Product 

(m/z) 
Collision Energies 

(V) 
RF Lens 

(V) 
SDA-18:4 (n-3) 1.61 Negative 2.75.3 231.2/177.1 10/14 88 

EPA-20:5 (n-3) 2.21 Negative 301.2 257.2/203.2 14/10 99 

ALA-18:3 (n-3) 2.33 Negative 277.3 275.2/259.2/233.2 18/17/15 94 

GLA-18:3 (n-6) 2.47 Negative 277.3 275.2/259.2/233.2 17/14/14 94 

PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 

DHA-22:6 (n-3) 2.92 Negative 327.3 283.2/229.2 10/14 92 

HPA-21:5 (n-3) 3.10 Negative 315.3 271.2/217.2 14/14 95 

AA-20:4 (n-6) 3.46 Negative 303.3 259.2/205.2 13/15 93 

LA-18:2 (n-6)  3.71 Negative 279.3 278.8 10 96 

DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 

DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 

DGLA-20:3 (n-6) 5.11 Negative 305.3 287.2/261.2 19/16 97 

Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 

Oleic-18:1 (n-9) 6.34 Negative 281.3 280.8 10 94 

Vaccenic-18:1 (n-7) 6.57 Negative 281.3 280.8 10 95 

Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 

Adrenic- 224:4 (n-6) 7.13 Negative 331.2 287.3/233.2 15/10 100 

EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 

Gondoic-20:1 (n-9) 7.65 Negative 309.3 308.8 10 95 

DDA-22:2 (n-6) 7.73 Negative 335.3 334.8 10 100 

Erucic-22:1 (n-9) 8.17 Negative 337.3 336.8 10 107 

Nervonic 8.78 Negative 365.3 364.8 10 107 

Table 2. Sensitivity. 

Method 
 

HPLC Conditions- 
Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment 
 

Column:            Accucore Vanquish C18, 100 x 2.1 mm, 1.5 mm  
Column Temperature:     50 oC 
Injection Volume:      20 mL  
Sampler Temperature:    4 oC 
Needle Wash:         Flush port (50%Methanol:50%Water) 10 seconds 
Mobile Phase A:       5mM Ammonium Acetate in Water 
Mobile Phase B:       Acetonitrile 
Flow Rate:          0.6 ml/min 
Gradient:           0 min-   40%A:60%B 
               6.5 min- 40%A:60%B 
               6.6 min- 2%A:98%B 
               9.0 min- 2%A:98%B 
               9.1 min- 40%A:60%B 
Run time:          10.0 mins 
 
 

MS and Ion Source Conditions- 
Quantiva triple quadrupole mass spectrometer  
Ion mode:             Negative Electrospray (H-ESI) Mode 
Vaporizer Temperature:      350 oC 
Ion Transfer Tube Temperature:  300 oC 
Sheath Gas:            30 
Aux Gas:              15 
Sweep Gas:            0 
Spray Voltage:           Negative Ion (V): 3000V  
Q1/Q2 Resolution:         0.7 (FWHM) 
Cycle time (sec):          0.5 
CID Gas (mTorr):         2 
Chromatographic Peak Width:   6 secs 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

RESULTS 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Linearity/Sensitivity 
The linear range of the fatty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only. 
The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined 
as 3:1 and 10:1 of  signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 
for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many 
interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of 
lipid compounds present. 

Rory M Doyle*, Thermo Scientific, Inc, 265 Davidson Avenue, Somerset, New Jersey 08873 

LC-MS/MS quantitative analysis of Polyunsaturated Omega 3, 6,7 and 9 Fatty Acids in Serum for Research Use 

Accuracy 
The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the 
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations 
were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory 
required accuracy for the analysis of the fatty acids in serum.  

Precision/Specificity 
The intra–assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three 
replicates of the pooled sample control material for the LLE extraction only. The inter-assay precision was determined 
over 3 consecutive days and was found to have a %CV <15% for each fatty acid within their respective linear range  for 
the three levels of pooled serum sample control material respectively. Therefore, the analytical method can achieve the 
required precision for the analysis of the omega fatty acids in serum. Due to the similarity between the various fatty acids 
tested and other similar compounds, there were interferences present as well as ion suppression which made obtaining 
consistent results and may require a larger diameter LC column. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
• Baseline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds 

but interferences were present. 

• Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out 
to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better 
separation and removal of interferences while maintaining ease of use and low cost 

• Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in negative mode was 
achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation 
techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be 
achieved by GC/MS. 
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Figure 1: Chromatograms 
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ABSTRACT  
 
The food and beverage industry suffers from fraudulent 
activities that include incorrect labeling of products and 
adulteration, which has a significant impact on food and 
beverage safety, brand names and reputation and the 
market economy. Preventing food and beverage fraud is a 
key challenge that requires a reliable, cost-effective 
analytical process that can detect food and beverage fraud.  
  
Detecting food and beverage fraud can be achieved using 
stable isotope measurements because stable isotopes can 
differentiate between food and beverage samples which 
otherwise share identical chemical composition: this is 
called the isotope fingerprint. Using the isotope 
fingerprint of food and beverage products is a reliable 
and unique technique in food and beverage fraud 
prevention and food safety.  
 
We show data are shown demonstrating how stable isotope 
fingerprints offer conclusive answers on questions 
associated with origin, adulteration and correct labeling of 
food and beverage products.  
 

INTRODUCTION 
 
The origin, meaning where a product comes from, and 
authenticity, meaning whether a product has not undergone 
change and if the product is correctly labeled, can be 
routinely determined on food and beverage products using 
stable isotopes.1-6 Measurement of stable isotopes can be 
used to differentiate between food and beverage samples 
which otherwise share identical chemical composition: this 
is the isotope fingerprint of the food and beverage 
products. 
 
The food and beverage industry suffers from fraudulent 
activities that include incorrect labeling of products and 
adulteration, which has a significant impact on food and 
beverage safety, brand names and reputation and the 
market economy. Preventing food and beverage fraud is a 
key challenge that requires a reliable, cost-effective 
analytical process that can detect whether the labeled 
product is authentic or if it has been changed after the final 
manufacturing process, or alternatively if it has been 
independently produced, using alternative ingredients, but 
labeled as an original product. 
 
Using the isotope fingerprint of food and beverage 
products is a reliable technique in food and beverage fraud 
prevention and safety.1-12 In this presentation, we provide 
examples of the use of isotope fingerprints in food and 
beverage fraud detection and provide an overview of the 
interpretation of these isotope fingerprints and the 
technology used.  
 

ISOTOPES IN FOOD AND 
BEVERAGE ORIGIN AND 
AUTHENTICITY 
 
Stable isotopes of carbon, nitrogen, sulfur, oxygen and 
hydrogen can be measured from food and beverage 
products, such as honey, cheese, olive oil, animal meat, 
milk powder, vegetables, wine, liquor, water and so forth, 
using isotope ratio mass spectrometry techniques.1-12 
These stable isotope data can subsequently be interpreted 
to determine the origin, correct-labeling and trace 
adulteration of food and beverage products, as summarized 
in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This poster demonstrates how stable isotope fingerprints of 
carbon, nitrogen, sulfur, oxygen and hydrogen are used to 
detect the origin and authenticity of food and beverage 
products conclusively.  
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Food and Beverage Fraud Prevention Using Stable Isotope Fingerprints 

Table 1. Stable isotopes and their interpretation in 
food and beverage origin and authenticity. 

SUMMARY:  
ISOTOPE FINGERPRINTS IN FOOD 
AND BEVERAGE PRODUCTS 
 
Food and beverage products carry a unique chemical 
signature that relates to the biogeochemical processes that 
happened during the formation process of the materials that 
are present in the final product. These biogeochemical 
processes leave a chemical fingerprint that can be routinely 
detected in food and beverage products by measuring the 
stable isotope values of the products: this is what we call the 
isotope fingerprint of food and beverage products.  
 
These stable isotope values can be interpreted to provide 
conclusive information on the origin of a product, meaning you 
can identify where in the world or within a country a product 
has come from, and the authenticity of a product, which 
means understanding if a product has been changed from its 
raw composition to something else. 
 
By using isotope fingerprints to detect food and beverage 
fraud, laboratories can: 
- Trace Fodo and Beverage Fraud with unique answers about 
origin and authenticity. 
- Extend their analytical capabilities. 
- Work with an integrated analytical solution, driven by a 
single software for automated high sample throughput. 
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Stable 
Isotope 

What is the 
biogeochemical 
interpretation? 

What is an 
example of 
food fraud 

interpretation? 

What 
products can 
be affected? 

Carbon  
 

Photosynthesis 
(C3, C4 and CAM 

pathways) 

Adulteration  
(e.g. sweetening 

with cheap 
sugar) 

Honey; Liquor; 
Wine; Oliver oil; 

Butter 

Nitrogen 
Fertilizer 

assimilation 
by plants 

Mislabeling 
(Differentiate 

organic and non-
organic) 

Vegetables; 
Animal meat 

Sulfur 
Local soil 

conditions, Proximity 
to shoreline 

Origin of product 
Vegetables; 

Animal meat; 
Honey 

Oxygen 
 

Principally related to 
local-regional rainfall 

and hence 
geographical area 

Watering of 
beverages; 

place of origin of 
product 

Coffee; Wine; 
Liquor; Water; 
Sugar; Animal 

meat 

Hydrogen 

Related to local-
regional rainfall and 
hence geographical 

area  

Watering of 
beverages; 

Origin of product 

Coffee; Wine; 
Liquor; Water; 
Sugar; Animal 

meat 

IS YOUR WINE WATERED DOWN? 
 
The most common type of fraud that relates to wine is 
adulteration, meaning the addition of cheaper products to 
the original wine, such as fruit juices, water and 
sweeteners, which are not related to the grapes or 
fermentation process from which the wine was originally 
produced.7,8 Adulterated wine is then labeled as the original 
product, generally an expensive brand, and sold on the 
market as if the original product. It also relates to the  
re-labeling of wines, by adding the label of a more 
expensive wine to a bottle of a different, cheaper version 
and selling it on the market as an original product.    
 
In Figure 1, we show an example of wine adulteration by 
the addition of water detected by oxygen isotopes using a 
Thermo Scientific™ GasBench II interfaced with a Thermo 
Scientific™ DELTA V™ Isotope Ratio Mass Spectrometer. A 
genuine red wine sample was measured initially to provide 
a baseline before the sample was sequentially adulterated 
by adding water. The watering technique may be used to 
reduce alcohol content and increase profits by producing 
more bottles for sale and thus reduce tax and customs duty 
on exported products in certain countries.  

ARE YOUR VEGETABLES GROWN 
USING ORGANIC FARMING? 
 
Supermarkets and market places stock vegetables that are 
labeled as “organic” because they are believed to be 
healthier and safer than their non-organic equivalents.9,10 
Vegetables grown using organic farming methods are sold 
on the market for higher prices, which relates to the higher 
costs of production and certification of the product as 
organic grown.1,2,9 This has led to mislabeled vegetables 
appearing for sale on the market, with those grown with 
synthetic fertilizers labeled as organic. The consumer 
question is: are my vegetables really organic grown? 
 
Organic vegetables are grown using organic fertilizers, 
such as peat, sewage sludge and animal manure, and tend 
to have nitrogen isotope values between +10‰ to 
+20‰.2,10 Vegetables that are not labeled organic are 
grown using synthetic fertilizers, such as potash and 
ammonia and tend to have nitrogen isotope values of +3‰ 
to +5‰.2,10 This provides a framework within which to 
distinguish vegetables grown using organic or synthetic 
fertilizers thanks to an isotope discrimination due to 
ammonia volatilization, denitrification, nitrification and other 
N transformation processes prior to plant uptake.2,7 
 

In Figure 2, we show an example of tomatoes that have 
been grown using organic and inorganic fertilizers. The 
nitrogen isotope fingerprint of the tomatoes, measured 
using an Elemental Analyzer Isotope Ratio Mass 
Spectrometer (EA-IRMS), such as the Thermo Scientific™ 
EA IsoLink™ IRMS System, show a clear difference 
between tomatoes grown using organic fertilizers and 
synthetic fertilizers. 
 
 
 

IS YOUR TEQUILA AUTHENTIC? 
 
The agave tequilana plant is native plant of the Jalisco 
region in Mexico and forms an important economic product 
due to its use as a base ingredient in the popular alcoholic 
beverage Tequila. The agave tequilana plant is used 
because of its high sugar (mainly fructose) content and is 
photosynthetically part of the C4 plant group, meaning it 
has a well defined carbon isotope fingerprint of -8‰ to  
-14‰. During plant growth, the biosynthesis of organic 
molecules in plants requires water that comes principally 
from rainfall (evaporation, sublimation, condensation and 
precipitation in the water cycle). Tequila is produced 
exclusively in 5 areas of Mexico: Jalisco, Nayarit, 
Michoacan, Guanajuato and Tamaulipas, meaning that the 
oxygen isotope fingerprint of the agave tequilana plant is 
primarily given by the water from rainfall in those regions 
and therefore provides a geographical tool for origin. 
 
In Figure 3, we show an example of carbon and oxygen 
isotope measurements on tequila, measured using Gas 
Chromatography Isotope Ratio Mass Spectrometry, such as 
the Thermo Scientific™ GC IsoLink™ II Interface for  
GC-IRMS.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data in Figure 3 shows pure tequila, tequila adulterated 
by the addition of sugar addition for a secondary source 
other than the agave tequilana plant and water from a 
source other than that of the 5 local regions in Mexico. The 
two dimensional isotope fingerprint of ethanol based on 
carbon and oxygen data allows the differentiation of 
authentic and commercial Tequila.  

Figure 3. Carbon and oxygen isotope fingerprints detect 
mislabeled and adulterated tequila. 

Figure 1. Oxygen isotope fingerprints detect watering of 
wine. 

Figure 2. Differentiating organic grown vegetables using 
nitrogen isotope fingerprints. 

IS HONEY NATURALLY SWEET? 
 
Honey consumption is high due to its natural, unprocessed 
properties, nutritional value and antioxidant qualities.3,13 

Consequently, market prices for honey vary providing 
opportunity for economically motivated adulteration. Honey is 
a naturally sweet substance, of which sugars are mainly 
glucose and fructose, produced by honeybees from flower 
nectar mainly of C3 plants: the carbon isotope fingerprint of 
natural honey is -22‰ to -32‰.  
  
Adulteration of natural honey by adding high fructose corn 
syrup, glucose or saccharose syrup derived from beet or cane 
(C4 plant types) is known: the carbon isotope fingerprint of 
such sugars is -8‰ to -16‰, which differs from that of natural 
honey. Adding C4 sugar to natural honey increases the 
detectable amount.3,13 
  
Honey adulteration is detected by EA-IRMS, using the carbon 
isotope fingerprint of all sugar. However, where this is not 
conclusive, Liquid Chromatography Isotope Ratio Mass 
Spectrometry, using the Thermo ScientificTM LC IsoLinkTM  
Interface for LC-IRMS, measures the carbon isotope 
fingerprint of fructose and glucose separately.  
  
Table 2 summarizes the analysis of honey using EA- and  
LC-IRMS, identifying the 4 adulterated honey products from 8 
honey samples (in bold). The combination of more negative 
carbon isotope values, fru/glu ratios and C4 sugar amount 
conclusively identify adulterated honey. 
  

Honey Glucose  
(δ13C, ‰) 

Fructose  
(δ13C, ‰) 

All sugar 
(δ13C, ‰) 

Fru/Glu 
ratio 

C4 sugar 
%  

Adultera
ted? 

1 -23.2 -22.9 -21.8 1.07 16.7 Yes 
2 -11.2 -13.9 -11.9 0.65 n.a Yes 
3 -24.9 -24.9 -24.8 1.42 0.0 No 
4 -26.5 -26.4 -25.4 0.97 0.0 No 
5 -26.1 -26.0 -25.8 4.53 1.9 Yes 
6 -25.0 -25.3 -24.3 1.62 0.0 No 
7 -25.2 -25.1 -24.2 1.16 3.4 No 
8 -25.1 -26.4 -24.8 2.17 1.5 Yes 

Table 2. Carbon isotope fingerprints detect honey 
adulteration. 

Oxygen isotope fingerprint 
changes with water addition 
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ABSTRACT  
Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of Polyunsaturated 
Omega 3, 6, 7 and 9 fatty acids in serum for research use. Simple sample preparation techniques including protein 
crash and liquid-liquid extraction were evaluated. A Thermo ScientificTM  TSQ Quantiva™ triple quadrupole mass 
spectrometer in negative Electrospray mode with a Thermo ScientificTM DionexTM  VanquishTM Horizon HPLC system 
was used.  

Methods: 200 mL of serum were used for the analysis of the Omega fatty acids. Various columns were evaluated 
and a Thermo ScientificTM AccucoreTM VanquishTM C18, 100 x 2.1 mm, 1.5 mm with 5mM Ammonium Acetate in 
water and acetonitrile mobile phases achieved baseline chromatographic separation in approximately 10 minutes 
run time. Quantitative analysis was performed using scheduled reactive monitoring (SRM) transition pairs for each 
steroid and internal standard in positive and negative mode and accuracy of the analytical method was verified using 
pooled reference samples. 

Results: Good linearity and reproducibility were obtained across the dynamic range of the fatty acids with a 
coefficient of determination R2>0.95 or better for all compounds in the various matrices. The limits of detection and 
quantitation were determined to the ng/ml levels with very good reproducibility observed for all compounds. 

INTRODUCTION 
Polyunsaturated Fatty acids are a class of diverse chemical compounds that are carboxylic acids with a long 
aliphatic chain that are unsaturated that are found in ones diet and have a good and bad physiological impact. There 
are many different kinds which are active depending on their saturated state and the length of their aliphatic chain 
and can have a significant influence on the body. 

In this case, we evaluated  various columns and solvent  combinations as well as simple and easy sample 
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the 
chromatographic separation, detection and quantification of Polyunsaturated Omega 3, 6, 7 and 9 fatty acids in 
serum for research. The fatty acids analyzed include Omega-3- Alpha-Linolenic Acid, Stearidonic Acid, 
Eicosapentaenoic Acid, Heneicosapentaenoic Acid, Docosapentaenoic Acid, Docosahexaenoic  Acid; the 
Omega-6- Linoleic Acid, Gamma-Linolenic Acid, Eicosadienoic Acid,  Dihomo-Gamma-Linolenic Acid, 
Arachidonic Acid, Docosadienoic Acid, Adrenic Acid, Docosapentaenoic Acid;  the Omega-7- Palmitoleic Acid, 
Vaccenic Acid and the Omega-9- Oleic Acid, Elaidic Acid, Gondoic  Acid, Mead Acid, Erucic Acid, Nervonic 
Acid.  The sample preparation choices were kept simple and included protein crash and a two step liquid-liquid 
extraction. The methodologies were developed on a TSQ Quantiva triple quadrupole mass spectrometer in positive 
and negative Electrospray ionization modes with a Vanquish Horizon HPLC system with a 10 minute analytical 
gradient. 

MATERIALS AND METHODS 
Standards 
The following analytical reference standards and Internal standards were obtained from Cayman Chemical 
Company, Ann Arbor, MI 
 

Omega-3 
Alpha-Linolenic Acid (ALA):  50 mg  Alpha-linolenic Acid-D14:   100 mg 
Stearidonic Acid (SDA):   1 mg 
Eicosapentaenoic Acid (EPA):  50 mg  Eicosapentaenoic Acid-D5:  50 mg 
Heneicosapentaenoic Acid (HPA):  1 mg  Heneicosapentaenoic Acid-D6:  25 mg 
Docosapentaenoic Acid (DPA):  1 mg 
Docosahexaenoic  Acid (DHA):  50 mg  Docosahexaenoic Acid-D5:  50 mg 
 

Omega-6 
Linoleic Acid (LA):   50 mg  Linoleic Acid:    500 mg 
Gamma-Linolenic Acid (GLA):  50 mg 
Eicosadienoic Acid: (EDA)  50 mg 
Dihomo-Gamma-Linolenic Acid (DGLA): 10 mg  Dihomo-Gamma-Linolenic Acid-D6: 100 mg 
Arachidonic Acid (AA):   50 mg  Arachidonic Acid-D8:   1 mg 
Docosadienoic Acid (DDA):  1 mg 
Adrenic Acid:    10 mg 
Docosapentaenoic Acid (DPA-6):  1 mg 
 

Omega-7 
Palmitoleic Acid (PMA):   100 mg  Palmitoleic Acid-D14:   100 mg 
Vaccenic Acid:    50 mg 
 

Omega-9 
Oleic Acid:    500 mg  Oleic Acid-D17:    1 mg 
Elaidic Acid:    50 mg 
Gondoic  Acid:    100 mg 
Mead Acid:    1 mg  Mead Acid-D6:    100 mg 
Erucic Acid:    50 mg 
Nervonic Acid:    100 mg 
 

Reagents 
The following Fisher Scientific™ acids, reagents and solvents were used 
HPLC grade Water  Hexane 
Methanol   Acetonitrile 
Ammonium Acetate  Sodium Hydroxide 
Hydrochloric Acid 
 

Sample Preparation- Protein Crash 
• 200 mL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and 

20 mL of fatty Acid ISTD at 1000 ng/mL were added to each tube and vortexed briefly 
• 400 mL of Acetonitrile was added to each tube and vortexed  for 1 min prior  to  centrifugation for 10 minutes at 

13000 rpm 
• The supernatant was transferred to an MS vial and 200 mL of water was added to each vial and capped. 
• All in-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 

Biological, Inc., Temecula, CA) 
 

Sample Preparation- Liquid-Liquid Extraction  
• 200 mL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 20 mL of 

fatty acid at 1000 ng/mL were added to each and vortexed briefly 
• 400 mL of Acetonitrile:6N Hydrochloric Acid (90:10, v:v) was added to each tube and vortexed  briefly and then 

heated at 100oC for 45 min 
• 400 mL of Methanol:10N Sodium Hydroxide (90:10, v:v) was added to each tube and vortexed briefly and then 

heated at 100oC for 45 min 
• The sample was then re-acidified with 200 mL of 6N Hydrochloric Acid 
• 4 mL of Hexane were added to each tube and vortexed for 1 min prior  to  centrifugation for 10 minutes at 13000 

rpm 
• The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature 
• The extract was reconstituted in 200 mL of water and methanol (100 mL of each)  
• The supernatant was transferred to an MS vial and capped. 
 

The calibration curves ranged from 0.1 ng/mL to 5000 ng/mL and various pooled samples were used as control 
material.  
 

Data Analysis 
The software used included for this method included the Thermo  Scientific™ Xcalibur™ 3.1 SW, Thermo 
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™  4.1 SW 

 

Table 1. Scan Parameters- SRM Table 

Compound 
Protein Crash 

LOD/LOQ 
(ng/ml) 

LLE-
Underiatized 

LOD/LOQ 
(ng/ml) 

SDA-18:4 (n-3) 1/ 2.5 0.25/0.5 
EPA-20:5 (n-3) 10/25-Inter 0.25/0.5 
ALA-18:3 (n-3) 25/50-Inter 1/ 2.5 
GLA-18:3 (n-6) 10/25--Inter 2.5/5 
PMA-16: (n-7) 10/25-Inter 1/ 2.5 
DHA-22:6 (n-3) 5/10-Inter 0.1/0.25 
HPA-21:5 (n-3) 1/ 2.5 0.1/0.25 
AA-20:4 (n-6) 25/50-Inter 0.5/1 
LA-18:2 (n-6)  Interference 5/10 
DPA-22:5 (n-3) 25/50-Inter 1/ 2.5 
DPA-6-22:5 (n-6) 1/ 2.5 0.25/0.5 
DGLA-20:3 (n-6) 25/50-Inter 5/10 
Mead-20:3 (n-9) 5/10 1/ 2.5 
Oleic-18:1 (n-9) 10/25-Inter 5/10 
Vaccenic-18:1 (n-7) Interference 10/25 
Elaidic-18:1 (n-9) Interference Interference 
Adrenic- 224:4 (n-6) 2500/5000 2.5/5 
EDA-20:2 (n-6) 2.5/5-Inter 2.5/5-Inter 
Gondoic-20:1 (n-9) 5/10-Inter 1/ 2.5-Inter 
DDA-22:2 (n-6) 2.5/5-Inter 1/ 2.5-Inter 
Erucic-22:1 (n-9) Interferences 25/50-Inter 
Nervonic 10/25-Inter 2.5/5 

Compound RT 
 (Min) Polarity Precursor 

(m/z) 
Product 

(m/z) 
Collision Energies 

(V) 
RF Lens 

(V) 
SDA-18:4 (n-3) 1.61 Negative 2.75.3 231.2/177.1 10/14 88 

EPA-20:5 (n-3) 2.21 Negative 301.2 257.2/203.2 14/10 99 

ALA-18:3 (n-3) 2.33 Negative 277.3 275.2/259.2/233.2 18/17/15 94 

GLA-18:3 (n-6) 2.47 Negative 277.3 275.2/259.2/233.2 17/14/14 94 

PMA-16: (n-7) 2.81 Negative 253.3 252.8 10 99 

DHA-22:6 (n-3) 2.92 Negative 327.3 283.2/229.2 10/14 92 

HPA-21:5 (n-3) 3.10 Negative 315.3 271.2/217.2 14/14 95 

AA-20:4 (n-6) 3.46 Negative 303.3 259.2/205.2 13/15 93 

LA-18:2 (n-6)  3.71 Negative 279.3 278.8 10 96 

DPA-22:5 (n-3) 4.35 Negative 329.3 285.2/231.2 14/15 98 

DPA-6-22:5 (n-6) 4.65 Negative 329.3 285.2/231.2 13/15 93 

DGLA-20:3 (n-6) 5.11 Negative 305.3 287.2/261.2 19/16 97 

Mead-20:3 (n-9) 5.89 Negative 305.3 287.2/261.2 18/15 99 

Oleic-18:1 (n-9) 6.34 Negative 281.3 280.8 10 94 

Vaccenic-18:1 (n-7) 6.57 Negative 281.3 280.8 10 95 

Elaidic-18:1 (n-9) 7.20 Negative 281.3 280.8 10 98 

Adrenic- 224:4 (n-6) 7.13 Negative 331.2 287.3/233.2 15/10 100 

EDA-20:2 (n-6) 7.31 Negative 307.3 306.8 10 99 

Gondoic-20:1 (n-9) 7.65 Negative 309.3 308.8 10 95 

DDA-22:2 (n-6) 7.73 Negative 335.3 334.8 10 100 

Erucic-22:1 (n-9) 8.17 Negative 337.3 336.8 10 107 

Nervonic 8.78 Negative 365.3 364.8 10 107 

Table 2. Sensitivity. 

Method 
 

HPLC Conditions- 
Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment 
 

Column:            Accucore Vanquish C18, 100 x 2.1 mm, 1.5 mm  
Column Temperature:     50 oC 
Injection Volume:      20 mL  
Sampler Temperature:    4 oC 
Needle Wash:         Flush port (50%Methanol:50%Water) 10 seconds 
Mobile Phase A:       5mM Ammonium Acetate in Water 
Mobile Phase B:       Acetonitrile 
Flow Rate:          0.6 ml/min 
Gradient:           0 min-   40%A:60%B 
               6.5 min- 40%A:60%B 
               6.6 min- 2%A:98%B 
               9.0 min- 2%A:98%B 
               9.1 min- 40%A:60%B 
Run time:          10.0 mins 
 
 

MS and Ion Source Conditions- 
Quantiva triple quadrupole mass spectrometer  
Ion mode:             Negative Electrospray (H-ESI) Mode 
Vaporizer Temperature:      350 oC 
Ion Transfer Tube Temperature:  300 oC 
Sheath Gas:            30 
Aux Gas:              15 
Sweep Gas:            0 
Spray Voltage:           Negative Ion (V): 3000V  
Q1/Q2 Resolution:         0.7 (FWHM) 
Cycle time (sec):          0.5 
CID Gas (mTorr):         2 
Chromatographic Peak Width:   6 secs 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

RESULTS 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Linearity/Sensitivity 
The linear range of the fatty acids in serum/BSA matrix was from 1 ng/ml to 5000 ng/ml with the LLE extraction only. 
The linearity was determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined 
as 3:1 and 10:1 of  signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 
for each matrix and the %CV for each calibration point were all <15% only for the LLE extraction. Too many 
interferences in the PPX extraction prevented the determination of the linear range as expected since there are a lot of 
lipid compounds present. 

Rory M Doyle*, Thermo Scientific, Inc, 265 Davidson Avenue, Somerset, New Jersey 08873 

LC-MS/MS quantitative analysis of Polyunsaturated Omega 3, 6,7 and 9 Fatty Acids in Serum for Research Use 

Accuracy 
The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the 
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations 
were 25 ng/nl and 250 ng/ml. Therefore, the analytical method with the LLE extraction can achieve research laboratory 
required accuracy for the analysis of the fatty acids in serum.  

Precision/Specificity 
The intra–assay precision (%CV) of the fatty acids in serum were determined by extracting and quantifying three 
replicates of the pooled sample control material for the LLE extraction only. The inter-assay precision was determined 
over 3 consecutive days and was found to have a %CV <15% for each fatty acid within their respective linear range  for 
the three levels of pooled serum sample control material respectively. Therefore, the analytical method can achieve the 
required precision for the analysis of the omega fatty acids in serum. Due to the similarity between the various fatty acids 
tested and other similar compounds, there were interferences present as well as ion suppression which made obtaining 
consistent results and may require a larger diameter LC column. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 
• Baseline separation of the omega fatty acids with good LOD/LOQ was achieved in serum for most of the compounds 

but interferences were present. 

• Simple LLE sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out 
to fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better 
separation and removal of interferences while maintaining ease of use and low cost 

• Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in negative mode was 
achieved <15% for %CV for the majority of the omega fatty acids within their linear range and the sample preparation 
techniques and analytical methodologies will be further extended, verified and optimized to obtain results than can be 
achieved by GC/MS. 
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Figure 1: Chromatograms 
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[364.777-364.779]  MS 100ngml
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