
INTRODUCTION

The defeat of oil at high temperature mainly involves the

hydrolysis, oxidation and thermal alteration1. The polar comp-

ounds (PC) produced in the process of edible oil deterioration

possess higher polar than that of normal vegetable oil mole-

cules-triacylglycerol. Generally, the polar compounds include

thermal oxidation products (containing ketone, aldehyde,

hydroxyl, peroxide-based hydrogen and carboxyl), thermal

polymers products, thermal oxidation polymerization products

and hydrolysis products (free fatty acids (FFA), monoacyl-

glycerol and diacylglycerol (DG)) of triacylglycerol2. The

oxidized triacylglycerol monomers (ox-TGM), oxidized

triacylglycerol polymers (TGP) and diacylglycerols (DG) in

oil polar compounds represent the degree of oil oxidation,

polymerization and hydrolysis, respectively. The determination

of oil TGP was employed widely in research not only on the

frying oils field3,4, but also for the oil oxidation5,6, the quality

control of refined oil7,8, the identification of virgin oil and the

identification of kitchen waste oil9,10.

The ISO and AOCS methods are standard methods for

determination of TGP content in oils11,12. With these methods,

the oil sample are directly used for high-performance size-
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exclusion chromatography (HPSEC) analysis. The typical

chromatographic peaks according to the order of molecular

weight are followed by five peaks of TGO, TGD, ox-TGM,

DG, FFA and other unsaponifiable compounds, etc. The compo-

nent proportion was quantified with area normalization

method. The methods are suitable for the animal and vegetable

oils of which content of TGP is higher than 3 %, but they are

not appropriate for the analysis of refined edible vegetable

oils of relatively lower content of TGP. In addition to that, the

method couldn't distinguish between the polar oil oxidation

polymers and non-polar thermal polymers.

In order to improve the detection sensitivity and accu-

rately determine TGP in oils, many modified methods were

employed including silica gel column-HPSEC13-15, small silica

gel column-HPSEC16, solid phase extraction-HPSEC methods17

etc. However, all assays increased the pre-separation of polar

compounds in oils before HPSEC18. Typical silica gel column-

HPSEC and small silica gel column-HPSEC method were

operated fussily. Silica gel column required high manual

loading technology. Air bubbles and cracks easily appear in

cylinder. The flow rate control of mobile phase was not easily

uniform. Solvent and filler required much material and time.

Small silica gel column-HPSEC and solid phase extraction-
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HPSEC methods require the reduced amounts of sample and

supplies. Compared with the classic method14, the standard

deviation would become bigger when the small silica gel

column-HPSEC method was used for the analysis of low

levels of TGP and the solid phase extraction-HPSEC for the

analysis of high levels of TGP in oils, respectively18. Besides

that, the solid-phase extraction-HPSEC method required the

expensive stearic monoglyceride as internal standard for the

analysis of oil samples.

This study aims mainly to develop a novel method for

determination of TGP content in edible oils. This method

exhibits several characteristics such as operation-convenient,

internal standard free, quantitative range wide and high sensi-

tive, which is suitable for frying oil, refined oil and various

other oils with changed structure and texture. This method

employed standard operating preparative rapid column chro-

matography system and preparative fast FLASH column to

pre-separate the polar components and non-polar components

of oil samples and then determine the polar compounds content

with weight method. This method subdivided polar compounds

via HPSEC system into TGO, TGD, ox-TGM, DG, FFA and

other components. TGP (TGO + TGD) of oil was quantified

with area normalization method.

EXPERIMENTAL

CHEETAH MP200 Preparative Flash Chromatography

System (Tianjin Bernard Agela technology companies),

Preparative Flash Chromatographic Column, Agela Flash

Column Silica-CS (silica gel: 20 g, grain diameter: 40-60 µm,

aperture: 6 nm), R204B Rotavapor, Waters 2695 high perfor-

mance liquid chromatographic analyzer, 2414 differential

refractive index detector (RI) and Styragel HR 0.5 volume

exclusion gel column chromatography (ϕ7.8 mm × 300 mm,

grain diameter 5 µm, aperture 10 nm, Waters company) were

used to carried out the analysis.

Tetrahydrofuran (THF, chromatography grade), diethyl

ether (analytical reagent), petroleum ether (analytical reagent,

boiling range: 30-60 ºC), SL-105 relative standard molecular

weight suit (Shodex company).

Polarity content standard sample: the sample was prepared

from the Fried oil samples (including 25 % polar compounds,

polar compounds contains 18 % of TGO and 28 % of TGD)

according to AOCS Cd20-91 and IUPAC 2.508 method.

Edible vegetable oil samples: First grade bean oil, first

grade squeezing corn oil, extra virgin olive oil, first grade

squeezing sunflower seed oil, yang rice oil and cold pressing

sesame were purchased from major supermarkets in Shanghai.

Refined kitchen waste oil samples were from the "ditch

oils" sample library collected by Shanghai Institute of Food

Science. The unknown "ditch oil" sample (National Ministry

of Health).

General procedure and detection method: The afore-

mentioned polarity standard samples (100 mg) were dissolved

in THF (10 mL) as the polarity standard mother liquor, in which

the concentration of TGP was 4600 mg/L (TGO was 1800

mg/L, TGD was 2800 mg/L). Then this mother liquor was

diluted continuously to be 10 standard liquid sample and the

concentration of TGP was 4600, 2300, 1150, 575, 287, 144,

72, 36, 18 and 9 mg/L, respectively.These standard liquid

samples were used in HPSEC to investigate the linear range,

lowest detection limit and quantitative lower limit.

Then the content of polar compounds in cold pressing

sesame oil (1 g) was determined as the background value

according to AOCS Cd20-91 method. 25, 100 and 400 µL of

polarity standard samples were added into the cold pressing

sesame oil by microinjector as three concentration level of

standard addition oil samples. Each added concentration level

of samples was prepared in pairs to examine the recovery of

PC from oil by flash column chromatography method.

According to AOCS Cd20-91 method, the eluent for

polar compounds was ethyl ether (25 mL) and the eluent for

non-polar material was miscible liquids (25 mL, petroleum

ether/ethyl ether = 87/13). The solvent of collecting polar com-

pounds eluent was dried by atmospheric pressure rotating

evaporation at 60 ºC. Then it was put in the vacuum drying

oven for 0.5 h at 40 ºC. The samples were tested via thin layer

chromatography (TLC) and the results revealed that it didn’t

contain non-polar components. The nonpolarity of components

obtained as the same way was used in HPSEC to verify the

separation result.

Two preparation flash column chromatography were

serried. The washing liquid (petroleum ether/ethyl ether = 87/13)

flushed the balanced serried Flash columns with a rate of 25

mL/min for 10 min. Oil samples (1.0 g) dissolved in petroleum

ether (5 mL) were injected in a syringe (10 mL), washed, eluted

and collected with a flow rate of 23-25 mL/min according to

Table-1. The wavelength of ultraviolet detector was 200 nm.

TABLE-1 

ELUTION AND COLLECTION PROCEDURES 
OF PREPARATIVE FLASH CHROMATOGRAPHY 

Entry Solvent Time (min) Collections 

1 Petroleum ether:ethyl 
ether = 87:13 

1-19 Nonpolar 
compounds 

2 Petroleum ether : ethyl 
ether = 87:13 

20-25 Polar compounds 

3 Ethyl ether 26-50 Polar compounds 

 
Polar or non-polar components were separated, dissolved

in THF (100 mL) and filtrated with membrane (0.22 µm).

Styragel gel chromatography protect column, Styragel HR 0.5

size-exclusion gel chromatography column (double column

in series), the volume of injected sample (10 µL), velocity

(0.7 mL/min), column temperature (35 ºC), mobile phase

(THF), differential refractive detector, the testing pool tempe-

rature (35 ºC), SL-105 polystyrene standard relative molecular

weight for qualitative analysis, peak area normalization method

for quantitative analysis.

According to the method of IUPAC 2.507, the effect of

oil polar compounds which was separated by adsorption chroma-

tography or preparative fast column chromatography was

validated via thin layer chromatography board (The 200 mm

length, 100 mm width of glass was smeared by the Merck

silica gel 60 whose thickness was 0.25 mm).

The non-polar compounds obtained (0.1 g) were dissolved

in THF (10 mL) as injected liquid. The liquid (10 µL) was

filtrated by membrane (0.22 µm), injected and analyzed

through HPSEC method in "2.5" chromatographic conditions.
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The purpose was to validate the separation result of oil non-

polar compounds separated via preparative fast column

chromatography method.

RESULTS AND DISCUSSION

The oil polar compounds and non-polar compounds were

separated so that they were under real-time monitored. The

typical chromatography pattern was shown in Fig. 1a. The

separated polar compounds was analyzed. The obtained

HPSEC chromatogram and retention time were shown in

Fig. 1b. TGO, TGD, ox-TGM, DG, FFA, etc., appeared conse-

quently according to the order of molecular weight. The last

peak even included the polarity of unsaponifiable matter. The

consuming time for separating and concentrating polar comp-

ounds was 1.5 h through Preparative fast column chromato-

graphy, while the time was 0.5 h when using HPSEC. The

parameters used in the entire analytic process were program

controlled. The operation is simple and its standardization is easy.

Fig. 1. (a) Representative chromatogram of preparative flash

chromatography. Nonpolar compounds: 0-19 min, polar

compounds: 20-50 min. (b) Representative chromatograms of polar

compounds separation by PFC-HPSEC. Retention time (min): 15.90

and 16.42, polymerized triacylglycerols; 17.48, oxidized

triacylglycerols; 18.31, diacylglycerols and 20.46, fatty acids and

polar unsaponifiable fraction. (c) Linear regression between

concentration of TGO and its response in HPSEC. (d) Linear

regression between concentration of TGD and its response in HPSEC

Ten mixed TGP standard solution with various dilution

degrees were determined by HPSEC. As shown in Fig. 1c,d,

the standard curve was drawn based on the corresponding

relationship between the peak area of target components TGO

or TGD and the mass concentration ratio (x, mg/L). TGO had

a good linear relationship in the range of 28-1800 mg/L. The

linear equation was y = 3540.6 x-157151 and correlation

coefficient r2 was 0.9982. According to the detection limit LOD

(S/N ≥ 3) and quantification limit (S/N ≥ 10) (which were

obtained by TGP mixed standard detection signal produced

SNR calculation method), the LOD and LOQ for TGO was

28 and 113 mg/L, respectively. The LOD and LOQ for TGD

was 11 and 44 mg/L. The LOD of TGP in oil was 0.01 %, as

shown in Fig. 2a.

For ISO method, the whole oil was injected directly for

HPSEC analysis. The non-polar triglycerides accounting for

70-97 % of oil attends the area normalization method in the

RI detector17. This method was only suitable for fat samples

of which the TGP content was higher than 3 %11. When the

preparative flash chromatography and HPSEC (PFC-HPSEC)

method was used, the non-polar triglycerides which interfere

normalization method for accurate quantification were prese-

parated. RI is quality detector and responds the same to all

polar components. When the content of TGP in fat oil is lower

than 3 %, more than 90 % of non-polar triglycerides is pre

removed, which is equal to that when the sample was concen-

trated 30 times and then use HPSEC area normalization method

to quantify. Quantitative linear range is extended and meets

TGP quantitative detection in low-TGP content of refined

edible vegetable oil and squeezing edible vegetable oils8.

When TGP is determined by PFC-HPSEC, the key step is

the separation effect of polar compounds with non-polar compo-

nents in oil and the recovery of polar compounds containing

TGP. The separation effect of polar compounds with non-polar
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Fig. 2. (a) LOD of TGP by PFC-HPSEC. A: Solvent; B: TGD; C: ox-TGM;

D: DG. (b) TLC evaluation of separation efficiency of polar fraction

and non-polar fraction. 1: Nonpolar compounds, 2: Polar compounds.

(c) HPSEC evaluation of separation efficiency by preparative flash

chromatography separation. 1: Nonpolar compounds, 2: Polar

compounds. (d) Correlation of % TGP by PFC-HPSEC versus

column chromatography-HPSEC

compounds by PFC was shown in Fig. 2b. The two components

were separated completely via the examination of traditional

TLC. Even for at oil (eat hutch waste oil-5) with higher polar

compounds content (25 %, w/w), preparative flash column

chromatography method could still completely separate polar

compounds with non-polar compounds. Nonpolar components

via HPSEC analysis authentication didn't contain any TGP

and polar components and the results were depicted in Fig. 2c.

If silica gel column was used, there would be 1-2 % of the

polar fractions from elution in grease samples with high content

of polar compounds. Compared with that, the separation effect

of polar compounds was better when using PFC method.

The cold-pressed sesame oil containing three concentration

levels of polar compounds was added for recovery experiments.

The recovery rate of polar compounds were all in the range of

95.4-97.7 %. Repeating determination 2 times, the relative

standard deviation was less than 4 %. The results of recovery

rate and precision determination were shown in Table-2.

TABLE-2 

RECOVERY AND PRECISION OF POLAR 
COMPOUNDS DETERMINATION BY PREPARATIVE 

FLASH CHROMATOGRAPHY 

Added 
(g/L) 

Found 
(g/L) 

Recovery 
(%) 

Mean recovery 
(%) 

RSD 
(%) 

0.0233 0.0444 95.5 

0.0224 0.0437 97.3 
96.4 1.32 

0.0939 0.0938 99.9 

0.0916 0.0875 95.5 
97.7 3.18 

0.3618 0.1742 96.3 

0.3652 0.1732 94.4 
95.4 1.41 

 
Four concentration levels of edible vegetable oil and kitchen

waste oil were selected and then injected 5 times under the

best PFC-HPSEC conditions. The samples were soybean oil,

kitchen oil-2, golden sun rice oil and kitchen waste oil-5. The

relative standard deviations (RSD) of peak area of each sample

were 7.58, 8.52, 9.50 and 7.25 %, respectively. As shown in

Table-3, these values were all lower than 10 %, which displayed

the good repeatability of this method.

TABLE-3 

REPEATABILITY OF TGP BY PFC-HPSEC 

TGP content (%) 
Sample 

1 2 3 4 5 

Average 
(%) 

RSD 
(%) 

Soybean oil 0.40 0.38 0.43 0.35 0.38 0.39 7.58 

Used cooking 
oil-2 

2.59 2.48 2.41 2.30 2.76 2.37 8.52 

Rice bran oil 6.11 4.74 5.48 5.47 5.07 5.37 9.50 

Used cooking 
oil-5 

13.0 12.9 11.7 14.0 11.9 12.7 7.25 

 
Selecting the 10 meal kitchen waste grease blind sample

provided by Ministry of Health, two operators in two different

laboratories have detected the TGP content using different

instruments, adopting the same PFC-HPSEC method as

described earlier. As shown in Table-4, the relative standard

deviations of TGP content were 6.48, 8.57 and 6.00 %, which

were less than 10 %. Restricted by the number of domestic

laboratory with related testing conditions, the limited compa-

rison results preliminarily indicated that this method had a

good reproducibility for quantifying TGP.
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TABLE-4 

COMPARISON OF TGP DETECTED BY 
PFC-HPSEC IN DIFFERENT LABORATORY 

Sample TGP (%) 
Average TGP 

(%) 
RSD (%) 

1.03 
M-1 

1.13 
1.08 6.48 

0.99 
M-2 

1.11 
1.05 8.57 

0.95 
M-3 

1.04 
1.00 6.00 

2.43 
M-4 

2.38 
2.40 1.67 

1.52 
M-5 

1.36 
1.44 8.33 

0.98 
M-6 

1.09 
1.04 7.69 

0.86 
M-7 

0.84 
0.85 1.18 

0.99 
M-8 

1.07 
1.03 5.83 

4.73 
M-9 

4.87 
4.80 2.08 

M-10 1.13 1.14 0.88 

 
TABLE-5 

COMPARATIVE DETERMINATION OF TGP (%) 
IN OILS AND FATS OF DIFFERENT ORIGIN 

Sample PFC-HPSEC 

Silica column 
chromatography 

-HPSEC 

RE 
(%) 

Soybean oil 0.37 0.33 8.08 

Corn oil 0.48 0.53 7.00 

Sunflower oil 0.71 0.78 6.64 

Used cooking oil-1 2.21 1.97 8.12 

Used cooking oil-2 2.30 2.07 7.44 

Extra virgin olive 

oil{ HYPERLINK 

0.10 0.10 0 

Used cooking oil-3 4.41 4.31 1.62 

Rice bran oil 5.27 5.05 3.01 

Used cooking oil-4 6.81 6.00 8.94 

Used cooking oil-5 12.92 11.59 7.67 

 
The TGP contents of five edible vegetable oil and five

meal kitchen waste oil samples were detected by using PFC-

HPSEC and IUPAC standard methods, respectively. The results

were displayed in Table-5. The relative error (RE) of quanti-

tative TGP by this method was in the range of 0-8.94 %. The

correlation of two methods was shown in Fig. 2d. The corre-

lation coefficient (r2) and slope was 0.9979 and 0.9068,

respectively. This experiment clearly demonstrated that PFC-

HPSEC method reproduced well during the TGP determina-

tion in various oil samples compared with classical silica gel

column chromatography-HPSEC method.

In addition to the total amount analysis of oil polar com-

pounds, PFC-HPSEC method was also utilized to quantify TGP

(TGO + TGD), ox-TGM, DG, FFA and polar unsaponifiable

compounds within polar compounds. As shown in Table-6,

the extra virgin olive oil (sample 6) contains no TGO. TGP

content of refining and squeezing edible vegetable oil was

rather low. TGP content of soybean oil, corn oil, sunflower oil

and virgin olive oil was in the ranging of 0.1-0.86 %. But TGP

content of refined rice oil (sample 8) was unusually higher,

which should be due to the high oxidation of crude oil before

the ubiquitous rice oil was refined. TGP content of refined

kitchen waste oil (waste oil samples 1-5) was 3.3-25 %, which

was significantly higher than that of edible vegetable oil.

Conclusion

A method via preparative PFC-HPSEC was set up for the

quantitative determination of TGP content. This method also

could be used to determine the ox-TGM, DG and other polar

components within oil. Compared with the classic IUPAC

standard method, this method is more simple and faster. The

precision, accuracy and linear relationship of this method

successfully meet with the requirement of qualitative and

quantitative determination of TGP in pressing oils, refined oils,

kitchen waste grease as well as other grease.
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