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A Targeted Phospholipid Profiling Approach with PCA 

for Beans and Milk Using a Ready-to-Use MRM Method 

Package on LC/MS/MSNo. AD-0183A

❑ Introduction

Phospholipid profiling is usually performed by

untargeted screening on GCMS and LC-TOF which

involves extensive method development and data

analysis work [1-2], due to complexity in structures.

Shimadzu has developed an MRM method package

for rapid profiling of phospholipids, covering 867 main

components of various types of phospholipid with

C14~C22 fatty acids. In this study, this ready-to-use

MRM method package [3] was utilized for targeted

screening of phospholipids in beans (Glycine max,

Vigna radiata) and milk products without use of any

standards successfully. By coupling with TQ-MS and

PCA, this study aims to establish a rapid and highly

sensitive phospholipid profiling approach on

LC/MS/MS for food classification and authentication.

❑ Experimental

A mixed solvent of methanol and chloroform was

utilized to cover extraction of a wide range of

phospholipids from mung bean, soybean, soymilk,

milk powder and fresh milk. Extraction was carried

out and repeated two times to enhance recovery.

Instead of time-consuming SPE, fast filtration was

employed and proved to be sufficient for sample

clean-up. Each sample was injected in triplicate

(n=3) or 4 replicates (n=4).

A. Determination of phospholipid ID class in bean
and milk samples (Method 1)

The workflow of the phospholipid MRM method package

is shown in Figure 2. Both bean and milk samples

exhibited relatively similar profiles in the LCMS

chromatograms (Figure 3). Based on method 1, PC,

LPC, PE, LPE, LPG, PI, LPI, PS, LPS and SM were

detected in both groups of samples (Figure 4B and 5B).

Phosphatidylglycerol (PG) is solely observed in bean

samples. Expectedly, mung and soybean samples

showed higher phospholipid abundance compared to

milk samples.
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soybean, mung bean 
or 0.5g of milk sample 

Extraction with 
MeOH:CHCl3 (1:2), 

vortex for 1 min

Sonicate for 15 min & 
wait for 30 min; 

Centrifuge at 10,000 
rpm, 10min

Collect supernatant 
and repeat extraction 

2x, combine the 
supernatant (approx. 
6mL); Filter with 0.22 

µm PTFE 

Dilute 25x for bean 
and 5x for milk 

samples
Inject to LC-MS/MS

Figure 1. Flowchart of soybean, mung bean and milk sample 

preparation
Table 1. Analytical conditions on LCMS-8045

Column : Kinetex Luna C8 column (150 x 2 mm, 

5µm)

Mobile phase :
A: 20 mM ammonium formate in water

B: acetonitrile:isopropanol (1:1)

Flow rate : 0.3 mL/min

Elution mode :

Gradient elution, 20%B (0 – 1 min) →

40%B (2 min) → 92.5%B (2.01 – 25 

min) → 100%B (26 min) → 100%B 

(26.01 – 35 min) → 20%B (35.10 min) 

→ 20%B (35.11 – 38 min)

Column temp. : 45 C

Injection vol : 5.0 µL

Interface & temp.
:

Heated ESI, 300oC

MS mode : MRM (+ and -)

Block temp. : 400oC

DL temp. : 250oC

Nebulizing gas flow N2, 2 L/min

Drying gas flow N2, 10 L/min

* Student from Nanyang Technological University, Singapore
for internship training
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B. Phospholipid-based sample clustering by PCA 

PCA was employed to emphasize the overview of all

data trends. Bean samples (5 mung beans and 6

soybeans) obtained from different production areas

(Southeast Asia, Australia, China, India) and cultivation

types (organic and non-organic) were analysed.

PCA score plot (R2X of 0.93) shows distinct separation

between mung and soybeans by Principal Component 1

(Figure 4). Separation according to production area

and cultivation type was also observed in standalone

PCA of bean samples (data not shown).

Different milk samples (6 milk powder, 5 fresh milk, 5

soymilk) were also separated based on the account of

phospholipid profiles (R2X of 0.949) (Figure 5).

Phosphatidylcholine (PC) was found to be dominant in

soymilk and milk powder. Concurrently, separation of

fresh milk from other samples was mainly attributed to

phosphatidylserine (PS) and phosphatidylethanolamine

(PE).

Figure 6A displays PCA score plot of consolidated

bean and milk samples (R2X of 0.96). Interestingly,

soymilk products were grouped with soybean samples

while the rest of samples were noticeably separated

accordingly. PC(36:3), PC(36:4), SM(40:2) and

PE(36:3) were significant for soymilk and soybean

(Figure 6B and 7) and in accordance to the report by Li

et al (4) regarding higher abundance of PC and PE in

soymilk compared to goat and bovine milk.

Figure 4. PCA score plot of 11 bean samples (n=4). Red 

arrow shows a cluster of organic soybean (A) and detected 

phospholipid in bean samples by Method 1 (B)

(Method 1)

Simultaneous analysis using 
Phospholipid ID Class method 

Peak identification Method editing by MRM 
Event-Link Editor

(Method 2)

Simultaneous analysis using 
Fatty Acid Composition ID Class 

method 

Figure 2. Flowchart of phospholipid MRM method package with Method 1 and Method 2 on LCMS-8045 with LabSolutions
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Figure 3. Overlaid MRM chromatograms of phospholipid profiles of (A) soybean and (B) soymilk
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Figure 5. (A) PCA score plot of 16 milk samples (n=3, 4) and (B) detected phospholipid in milk samples by Method 1
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Figure 6. PCA score (A) and loading plot (B) of consolidated bean and milk samples. Determination of fatty acid

composition was performed on highlighted phospholipids (red ellipse).

C. Determination of fatty acid composition for significant phospholipids (Method 2)

MRM parameters (Method 2) for determining fatty acid composition was acquired based on identification results of

Method 1 by using MRM Event-Link Editor. Fatty acid composition was determined selectively for important

phospholipids (Figure 6B), PE (36:4_18:1/18:3) or PE (36:4_18:2/18:2), SM (40:2_d18:1/22:1), PC (34:1_16:0/18:1),

and PC (34:2_16:0/18:2). The MRM chromatograms of the fatty acids were obtained for several selected samples

(Figure 8).
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Figure 7. Peak area of significant phospholipids in soybean and soymilk, PE(36:4), (n=3 or n=4) in different

samples. Error bar indicates standard deviation of injection replicates.

FM: fresh milk

SM: soymilk

MP: milk powder

SB: soybean 

MB: mung bean   



Application 
News

16.0 17.0 18.0 19.0 20.0

0.00

0.25

0.50

0.75

1.00

1.25

1.50

(x1,000)
829.65>168.00(-)829.65>168.00(-)

S
M

(4
0

:2
-d

1
8

:1
/2

2
:1

)

15.25 15.50 15.75 16.00 16.25

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0
(x1,000)

738.50>277.20(-)
738.50>281.25(-)
738.50>277.20(-)
738.50>281.25(-)

P
E

(3
6

:4
-1

8
:1

/1
8

:3
)

15.0 16.0 17.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

(x100,000)
738.50>279.25(-)738.50>279.25(-)

P
E

(3
6

:4
-1

8
:2

/1
8

:2
)

18.0 19.0 20.0 21.0

0.00

0.25

0.50

0.75

1.00

1.25

(x10,000)

804.60>281.25(-)
804.60>255.25(-)
804.60>281.25(-)
804.60>255.25(-)

P
C

(3
4

:1
-1

6
:0

/1
8

:1
)

SM1

15.0 16.0 17.0

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

(x1,000,000)
738.50>279.25(-)738.50>279.25(-)

P
E

(3
6

:4
-1

8
:2

/1
8

:2
)

16.0 17.0 18.0 19.0 20.0

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

(x1,000)
829.65>168.00(-)829.65>168.00(-)

S
M

(4
0

:2
-d

1
8

:1
/2

2
:1

)

16.0 17.0 18.0 19.0

0.0

0.5

1.0

1.5

2.0

2.5

(x100,000)

802.55>279.25(-)
802.55>255.25(-)
802.55>279.25(-)
802.55>255.25(-)

P
C

(3
4

:2
-1

6
:0

/1
8

:2
)

15.0 15.5 16.0 16.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

(x10,000)

738.50>277.20(-)
738.50>281.25(-)
738.50>277.20(-)
738.50>281.25(-)

P
E

(3
6

:4
-1

8
:1

/1
8

:3
)

18.0 19.0 20.0 21.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

(x1,000)

804.60>281.25(-)
804.60>255.25(-)
804.60>281.25(-)
804.60>255.25(-)

P
C

(3
4

:1
-1

6
:0

/1
8

:1
)

16.5 17.0 17.5 18.0 18.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

(x10,000)

802.55>279.25(-)
802.55>255.25(-)
802.55>279.25(-)
802.55>255.25(-)

P
C

(3
4

:2
-1

6
:0

/1
8

:2
)

PE(36:4_18:1/18:3) PE(36:4_18:2/18:2) SM(40:2_d18:1/22:1) PC(34:2_16:0/18:2) PC(34:1_16:0/18:1)

SB1

SM1

SB1

EB2

SB3

MB1

MB2 FM1

PE(36:4_18:1/18:3) PE(36:4_18:2/18:2) SM(40:2_d18:1/22:1) PC(34:2_16:0/18:2) PC(34:1_16:0/18:1)

No. AD-0183

❑ References

1. Suzuki, A., Inokuchi, J. Nagafuku, M., Fujiwake, H.,

Umemura, Y. Shimadzu Technical Report C146-E268.

2. Verardo, V., Gomez-Caravaca, A.M., Arraez-Roman, D.,

Hettinga, K. International Journal of Molecular Sciences.

2017, 18, 173.

3. Yamada, M., Nakanishi, T. ASMS Conference 2017, MP-

422

4. Li, Q., Zhao, Y., Zhu, D., Pang, X., Liu, Y., Frew, R.,

Chen, G. Food Chemistry. 2017, 224. 302.

www.shimadzu.com/an/

Shimadzu CorporationSHIMADZU (Asia Pacific) Pte. Ltd 

79 Science Park Drive, #02-01/08 Cintech IV, Singapore 118264, 
www.shimadzu.com.sg; Tel: +65-6778 6280 Fax: +65-6778 2050 

For Research Use Only. Not for use in diagnostic procedures. 
Contents and/or instrumentations in this application may not available in 

some countries under each regulation. 

Please contact the local representatives in details. 

Copyright © 2019 SHIMADZU (Asia Pacific) Pte. Ltd.

All rights reserved. No part of this document may be reproduced in any form or by 
any means without permission in writing from SHIMADZU (Asia Pacific) Pte. Ltd.

❑ Conclusion

A ready-to-use phospholipid MRM method package

was applied for rapid profiling of beans and milk

products. It is, therefore, not prerequisite to optimize

separation conditions, MRM transitions or

measurement parameters. More than 100 phospholipid

classes were identified simultaneously without the need

of chemical standard. PCA was performed based upon

phospholipid profiles and successfully assembled

soymilk together in a cluster with soybean samples in a

consolidated bean and milk data. The results verify the

applicability of the phospholipid MRM method package

for food classification and authentication.

Figure 8. MRM chromatograms of selected phospholipids with fatty acid composition (label on top of each diagram) in different

samples (detail of samples shown in Figure 7). Identification of fatty acid composition was performed according to 1 or 2 MRM

transitions in Method 2 of the Method Package.
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