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Introduction:Introduction:
Scheme of recycle HPLCScheme of recycle HPLC
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Introduction:Introduction:
The structure of The structure of triacylglyceroltriacylglycerol
positional isomer (TAGpositional isomer (TAG--PI)PI)

A, B = Fatty acid

29 29 Sep. 2009, World Congress on Oils and Fats & 28Sep. 2009, World Congress on Oils and Fats & 28thth ISF Congress/ Sydney AustraliaISF Congress/ Sydney Australia

C H

H2C

H2C

O

O

C
O

R2

C
O

R1

O C
O

R3
D

E

D



4

Introduction:Introduction:
TAG composition of palm oilTAG composition of palm oil
Triacylglycerol Composition (%)
Double Bond

MPP 0.5 MOP 1.4 MOO 0.7 MOL 0.2 PLL 0.8
PMP 0.2 MPO 0.2 PLP 6.3 PLO 6.0 OLO 1.4
PPP 7.2 POP 23.7 PLS 0.8 POL 3.1 OOL 1.5
PPS 1.0 POS 3.1 PPL 1.0 SLO 0.4 LOL 0.1
PSS 0.1 PPO 6.9 SPL 0.1 SOL 0.2
PSP 0.7 PSO 0.6 POO 21.5 OOO 5.1

SPO 0.5 SOO 1.4 OPL 0.5
他 0.3 OPO 1.6 MOL 0.1

OSO 0.2
PSL 0.1
他 0.5

Total 9.7 36.7 34.2 15.6 3.8

more than 40 1 2 3

M: Myristic acid (C14:0), P: Palmitic acid (C16:0), S: Stearic acid (C18:0), 
O: Oleic acid (C18:1), L: Linoleic acid (C18:2 )

M. MacLellan, PORIM Bulletin, 11: 40 (1984)
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Introduction: Introduction: 
Palm oil TAG chromatogram by RPPalm oil TAG chromatogram by RP--HPLCHPLC
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Positional isomers 
were not distinguished

Column: Inertsil ODS-3 (5 Pm, 250 mm x 4.6 mm I.D. ) x2 (GL Sciences Inc.)
Column temperature: 35 oC
Mobile phase: Acetonitrile-Acetone 50:50Æ0:100 (30min) Æ0:100 (45min)
Flow rate: 1.0 mL /min
Detector: ELSD
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Introduction: Introduction: 
Previous studies for quantification of TAGPrevious studies for quantification of TAG--PIsPIs

1) Separation of POP and PPO 
mixture by dual–column Ag-HPLC.
R. O. Adlof, New Techniques and 
Applications in Lipid Analysis (AOCS 
PRESS), p.256-265 (1997)

POP PPO
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LL+/LO+

LOL/ (LLO+LOL)

LLO+LOL
[LL]+

[LL]+ [LO]+ [LO]+

LLO LOL

Jakab, A. et al., Rapid Commun. Mass Spectrom. 17: 2295-2302 (2003)

2) The ratio of TAG-PIs are calculated from DAG ions 
caused by in-source CID of mass spectrometer.
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Introduction: Introduction: 
The comparison between RPThe comparison between RP--HPLC HPLC 
and Agand Ag++--HPLCHPLC
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goodnot goodSeparation of TAG-PI 

poorgoodReproducibility

poorgoodChemical and 
mechanical durability

Ag+-HPLCRP-HPLC
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Introduction: Introduction: 
Polymeric and Polymeric and monomericmonomeric ODS stationary phaseODS stationary phase

Steric recognition
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Introduction:Introduction:
Scheme of recycle HPLCScheme of recycle HPLC

29 29 Sep. 2009, World Congress on Oils and Fats & 28Sep. 2009, World Congress on Oils and Fats & 28thth ISF Congress/ Sydney AustraliaISF Congress/ Sydney Australia

Injector

DetectorPump

4 columns 

DetectorPump

Injector

1 column

Triacylglycerol
positional isomers 
(TAG-PIs)

APCI/MS-MS



10

Introduction:Introduction:
POP / PPO were resolved by POP / PPO were resolved by nonnon--endcappedendcapped
polymeric ODS columns polymeric ODS columns 

I. Kuroda, T. Nagai, H. Mizobe, N. Yoshimura, N. Gotoh, and S. Wada,
Analytical Sciences, 24: 865-869 (2008)

100 200(min)

POP PPO
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Column: Inertsil ODS-P (5 Pm, 250 mm x 4.6 mm I.D. ) x2 (GL Sciences Inc.)
Column temperature: 25 oC
Mobile phase: Acetonitrile- 2-Propanol- Hexane (3:2:1, v/v/v)
Flow rate: 1.0 mL /min
Detector: UV 205 nm
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Objective:Objective:
Quantification of TAGQuantification of TAG--PI, POP/PPO in palm oil PI, POP/PPO in palm oil 
by recycle HPLC coupled to APCI/MSby recycle HPLC coupled to APCI/MS--MSMS

Palm Oil

APCI/MS-MS
POP/PPO

POP
PPO
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POP/PPO ?

Recycle
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Methods:Methods:
Recycle HPLC and APCI/MSRecycle HPLC and APCI/MS--MSMS

HPLC: Recycle HPLC System (GL Sciences Inc.)
Column: Inertsil ODS-P (5 Pm, 250 mm x 4.6 mm I.D. ) x2 (GL Sciences Inc.)
Column temperature: 25 oC
Mobile phase: Acetonitrile- 2-Propanol- Hexane (3:2:1, v/v/v)
Flow rate: 1.0 mL /min
Injection Volume: 20 PL
Detector: UV 210 nm, APCI/MS-MS (Quattro micro API, Waters)

APCI/MS-MS
(Positive)Auto Sampler

Pump

UV DetectorColumn

Recycle 
Valve

Eluent

Column Oven
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PO+=577

PP+=551

[POP+NH4]+=851

Methods: Optimization of MS parametersMethods: Optimization of MS parameters

MS scan of POPMS scan of POP
APCI-Positive mode
Corona: 3.0 PA
Desolvation gas: 600 L/h (350 oC)
Cone gas: 50 L/h
Ion source heater: 120 oC
Cone voltage: 40 V
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[POP+NH4]+=851

PO+

=577
PP+

=551

Palm oil TAGs

DetectorMS1

MS2

Collision cell (Ar)

Methods:Methods: Optimization of MS parametersOptimization of MS parameters

SRM transition of SRM transition of triacylglyceroltriacylglycerol, POP, POP
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Precursor 
Mass

Product 
Mass Cone Voltage Collision Energy

850.98 551.5 40.00 26.00

850.98 577.7 40.00 24.00

Collision Energy Optimize 
Chromatogram for m/z 850.98 -> 577.7 

Collis ion Energy / eV

%

0

100

0.0 10.0 20.0 30.0 40.0 50.0

4.197e+005m/z 850.98-> m/z 577.7
24

Collision Energy Optimize 
Spectrum for m/z 850.98 -> 577.7 

500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800 820 840

%

0

100
4.782e+004

Methods:Methods: Optimization of MS parametersOptimization of MS parameters
Development of SRM channelDevelopment of SRM channel

577

551

24 V
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POP/PPO 250 ppm

Time
20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00

%

1
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%

23
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%

3

090717_test001 UV 210 nm
An1

7.89e3
27.31

6.55
19.857.52

28.83

090717_test001 Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

2.85e6
27.36

28.88

090720_001 UV 210 nm
An1

6.83e3
166.62159.48141.14118.68110.6689.0983.54

59.5755.57
30.2728.376.51

9.55

180.26 189.33

090720_001 Sm (Mn, 10x10); Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

1.07e5
166.97

26.0817.290.00 159.79

179.88

090717_018 UV 210 nm
An1

2.88e3
166.52159.50

18.886.37

4.70 15.477.58

145.54142.46120.59114.52106.74 133.38

195.85185.94

090717_018 Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

2.87e4
170.69

22.81 159.74 187.19

Palm oil

POP/PPO

POP/PPO

Results:Results:
UV and SRM chromatograms of authentic POP/PPO UV and SRM chromatograms of authentic POP/PPO 
and palm oil obtained by recycle separationand palm oil obtained by recycle separation

UV

UV

UV

SRM

SRM

SRM

POP PPOPOP

POP PPO

POP PPO

?? ? ? ?

Recycle x 5 = 12 columns

?

Recycle

Recycle

No recycle
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POP/PPO 250 ppm

Time
20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00

%

0
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%
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20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00

%
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%

1
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%

1

090723_010 Sm (Mn, 10x10); Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

5.47e4
167.24

159.79

180.99

090723_001 Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

6.96e4
168.27

26.092.07 159.75

181.73

090720_010 Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

7.08e4
168.05

159.74

181.46

090720_001 Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

1.08e5
166.96

26.0817.29 159.74

180.39

090717_011 Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

7.08e4
167.04

159.74

180.05

090717_002 Sm (Mn, 10x10) MRM of 2 Channels AP+ 
850.981 > 577.673

6.94e4
166.12

26.14

159.74

178.71

Results:Results:

Repeatability of retention timesRepeatability of retention times
POP PPO

The precision of retention times of POP and PPO (min)
POP PPO

MEAN 167.3 180.6
SD 0.8 1.1

RSD; % 0.47% 0.61%
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Results: Results: 
The calibration curves and recovery of The calibration curves and recovery of 
POP and PPOPOP and PPO
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y = 1353.1x - 6697.2
R2 = 0.9961
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R2 = 0.9961

-50000

0

50000

100000

150000

200000

250000

300000

350000

0.0 50.0 100.0 150.0 200.0 250.0 300.0

PPO; Pg/mL
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ea
MEAN SD RSD (%) MEAN SD RSD (%)

Rate of TAG-PI  in palm oil; % 22.4% 2.7% 12.2% 4.6% 2.9% 63.4%
Correlation coefficient (R^2) 0.983 0.014 1.5% 0.985 0.016 1.6%
Recovery rate; % 105% 9% 8.7% 99% 16% 16.0%
(n=4)

POP PPO
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Merits of recycle HPLC coupled to APCI/MSMerits of recycle HPLC coupled to APCI/MS--MS MS 
for selective detection and separation of TAGfor selective detection and separation of TAG--PIsPIs
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PL 5700
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08030407 Sm (Mn, 10x10) 1: SIR of 1 Channel AP+ 

TIC
1.65e5

107.13

3.86

115.21

08030407 Unused
An1

6.30e4
18.38

15.23

13.83
7.04

3.65

37.00

21.15
22.42

30.68
26.09 33.45

55.61

42.64 45.08

52.67

92.80
74.24

64.15
61.57

67.59

70.16

85.76
77.02 84.22

111.86108.01

101.29UV

MS
Recycle

Recycle separationTAG-PIs 
ex.) POP and PPO

Selective detection by 
SRM chromatogram

Target TAG-PIs and 
the other TAGs

POP
PPO

Quantification of TAG-
PIs in edible oils and 
fats

Recycle
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Conclusion: Conclusion: 

The target TAG-PIs, POP and PPO in 
palm oil can be selectively quantified 
by recycle HPLC-APCI/MS-MS.
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Thank you for your kind attention.Thank you for your kind attention.
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